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ABSTRACT 

This study presents an account of position saliency 
in terms of children's ability to utilize graphic information, and in 
particular the serial encoding of information from letters in. a 
graphic pattern. By varying the number and position of the letters 
distinguishing graphic patterfts (positive condition) in a short-term 
recognition memory (STRM) task, the relative use of information from 
different parts of the graphic pattern can be determined* Onder STRM, 
the subject must analyze, remember, and utilize the graphic 
information from the Target (T) stimulus, in judging whether or not 
the Comparison (C) stimulus is the same as the T stimulus* In 
Experiment one. Exposure Time (ET) of the T stimulus. Retention 
Interval (RI) J^etween T and C stimuli, and the Positive condition 
were varied. The results indicated that both second semester 
prereading kindergarten children and first graders are more likely to 
detect a difference between the T and C stimuli in the initial letter 
position than at the middle or final position. Experiment two used a 
similar paradigm with a fixed ET and RI. The results revealed neither 
a position effect nor any indication that entering kindergarten 
children's performance changed during the study. (Author/TS) 



* Documents acquired by ERIC include many informal unpublished * 

* materials not available from other sources, ERIC makes every effort * 

* to obtain the best^copy available. Nevertheless, items of marginal * 

* reproducibility are often encountered and this affects the quality * 

* of the microfiche and hgirdcopy reproductions ERIC, makes available * 
^ via the ERIC Document Reproduction Service (EDRS). EDRS is not * 

* responsible for the quality of the original document, Reproductions * 

* supplied by 2DRS are the best that can be made from the original. . * 



ITS 



NO 



Technical Report No. 351 



us OErAKTMENT OF HEALTH 
EDUCATION* WELFARE 
NATIONAL INSTITUTE OP 
EDUCATION 

'MtS DOCUVtNI MA'. BEtN WE PRO 
DiJfED fxA(TiY A'. WE r El-/ to f WOV 
»Hf Pf W'.ON OW OW(.AN(/A tiON OWiOlN 
ATlNf, .t POiNT',0> V >E A OW OPi MON^ 
SfATEODfflNO' NEfESSAOiiY WfPWE 
>ENTO»»i(iAk NATiONAi. .NSTlTuTEQf 
E Due A T IQM PQSi T ION f)W POl '<* Y 



ill 



. POSITION SALIENCY IN CHILDREN'S SHORT 
TERM RECOGNITION MEMORY FOR GRAPHIC PATTERNS 



by 



Ronald Carl Leslie 



/ 



Report from the Project on 
Conditions of School Learning and Instructional Strategies 



Richard L. Venezky . 
Pi^ncipal Investigator 



NY) 



Wisconsin Research and Development 
Center for Cognitive Learning 
The University of Wisconsin 
Madison, Wisconsin 



No vembe r 1975^ 



This Technical Report is a doctoral dissertation reporting research supported by 
the Wisconsin Research and Development Center for Cognitive Learning. Since it has 
been approved by a University Examining Committee, It has, not been reviewed by the 
tenter. It is publlshed^by the Center as a record of some of the Center's activities 
and as a service to the student. The bound original is In the University of 
Wisconsin Memorial J^lbrary. 



Published by the Wisconsin-Research and Development Center for Cognitive Learning, 
supported In part as a research and development center by funds from the National 

The opinions 
)f the National 

Institute of Education and no official endorsement, by that agency should be' Inferred. 



Institute of Education, Department of Health, Education, ^and Welfare, 
expressed herein do not necessarily reflect the position or policy of 



Center Contract No, NE-C- 00- 3-0065 ♦ 



WISCONSIN RESEARCH AND ENVELOPMENT 
CENTER FOR COGNITIVE LEARNING ' 



. MISSION 

^ The mission of the Wisconsin Re^^earch and Development Center 
for Cognitive Learning is to help learners develop as rapidly 
and effectively as possible their potential as human beings 
and as contributing members of society. The R&D Center is 
striving to fulfill this goal by 

• conducting research to discover more about 
how children learn 

• developing imprcTved instructional strategies, 
processes and materials for school administrators, 
teachers, and children, and 

• offering assistance to educators and citizens 
which will help transfer the outcomes of research 
and development into practice 

PROGRAM 

The activities of the Wisconsin R&D Center are organized 
around one unifying theme. Individually Guided Education. 

FUNDING 

The Wisconsin R&D Center is supported with fund^ from the 
National Institute of Education;, the Bureau of Education for 
the Handicapped, U.S. Office of Education; and the University 
of Wisconsin. 



ERLC 



4 

iii 



, ^ ACKNOWLEDGEMKNTS • * 

I want to thank Dominic tlasnaro and fiicbard Vcnczky 
for their assistance and support throuphout the many stares 
of this study. Their critical comments and hifh standard* 
have been vital to the development of this dissertation. 

The editorial assistance of Nancy Yanofjsky and .Carol i 
Cellman is much appreciated. Their encouraf emen t and 
confidence eased the final process of rewriting. 

A special thanks is due to Sandy Abplanalp for her 

J 

energetic and professional typinp, proofing and watchinp 
over of the numerous details of this manuscript. 

To the administrators', teachers, and children at 
Hawthorne Elementary School, Madison, Wisconsin and 
Marshall Elementary School, Marshall, Wisconsin I extend my 
appreciation for their assistance. 

• I would also like to acknowledge the assistance of the 
staff of the Wisconsin Research and Development Center for 
Cognitive 'Learning for their wide variety of support in 
this thesis. 



iv 



j 



TABLE OF CONTENTS 

Acknowledgements ' iv 

List of Tables vii 

List of Figures ix 

Abstract xi 

I Introduction 1 

Graphic Processing Ability 9 

Decision Process Variability • . 16 

Considerations in Interpreting Visual 

Tasks 18 

A More Effecti/ve Paradigm: Short-Term 

Recognition Melmory 21 

II Experiment 1 ' 27 

Method 2 7 

Results and Discussion . . . . / 33 

II Experiment 2 37 

• Method 37 

Results and Discussion 39 

IV A Theoretical Analysis of the Short-Term 

'Recognition Memory Performance 41 

Results and Discussion 55 

V Summary* and Conclusions . 61 

Bibliography 121 



4 

G 

V 



LrST OF TABLES . ^ 

Table Page 

1 Target and CoHnparison SJbimuli for 
Experiment 1 • . ' . . 68 

2 The Probability of a Correct Response as a 
Function of^ Exposure Time and Retention 

Interval for Each Grade . " . . • . ^ 70 ^ ' 

3 The Probability of a Correct Response as a 
Function of Position Condition and Grade 
Level in Experiment 1 71 

4 Point Estimation of Significant ^ Sources 
of Variance in Experiment 1 72 

5 The Probability Equations ^ 73-79 

6 Parconeter Estimates of Encoding Graphic / 
Information as a Function of Position and 

Exposure Time for Each Grade Level in 

Experiment 1 ' 80 

7 Parconeter Estimates of the Probability of 
Forgetting Initial, Middle, an4 FinaJ. Letters 
as a Function of Retention Intervals for both 

Grade Level*s in Experiment 1 81 

8 Parameter Estimate of the Probability of 
Responding "Different" as a Function of 
Information State for Kindergarten and 

First Grade Groups in Experiment 1 *. 82 

9 The Estimated ^nd Observed Probability of a 

Correct Response as a Function of Exposure , 
Time for -Each Grade Level in Experiment 1 • . . 8 3' 

10 The Estimated and Observed Probability of a 
Correct Response as a Function of Retention 
Interval for Each Grade Level in Experiment 1 . 84 

11 The Estimated and Observed Probability of a 
Correct Response ^ Function of Pos-condition 

for Each Grade Level in Experiment 1 .... \ 85 

vii 

ERIC - 



Table 



12 



LIST OF TABUS (coVit. ) 



ProbafDility of Number of L,etters Estimated \ 
in Memory for Comparison afe a Function of 
Exposure Time x Retention Interval Condition 
for Each, Grade f in Experiment 1 



Page 



86 



13 



14 



15 



Estimated Probabilities of Encoding and 
Remembering a Letter as a Function of 
Exposure Time^x Retention Interval Condition 
for Each Grade Level in Experiment 1 . . . . 



Estimated Probability of a Correct Response 
as- a Function of Letters^ Encoded and Remem- 
bered for Each Grade Level in Experiment 1 , 

Estimated Probability of a Corre^ct Response 
as a Function of Number of Letters Encoded 
and Reifiembered for Each Grade Level in 
Experiment 1 ' 



87 



88 



89 



\ 



8 



ERIC 



yiii 



LIST OF FIGURES 



Percentage of correct responses collapsed 
over judgment type for position (Pos) 
conditions as a function of exposure time 
for Experiment 1 

Percentage of correct responses collapsed ^ 
over judgment type for Pos conditions as a 
function of retention interval for Experi- 
ment 1 , *^ / . . . 

• ■ / 

Possible events in encoding and remembering 
a three letter stimulus in the short-term 
recognition memory model 

Predicted and observed correct response ^- 
probabilities for same- condition and 
different-conditions at .5 sec. exposure 
time and 0 sec. retention interval for 
the kindergarten group' In Experiment 1 . . 

Predicted and observed correct response 
probabilities for same-condition and 
different-conditions at .5 sec. exposure 
time and 1 sec . retention interval for 
the kindergarten group in Experiment 1 . . 



Predicted and observed correct response 
probabilities for same-condition and 
different-conditions at .5 sec. exposure 
time and 3 sec. retention interval for 
the kindergarten group in Experiment 1 

Predicted and observed <:6rrect response 
probabilities for same-condition and 
different-conditions at 3.0 sec. exposure 
time and 0 sec . retention interval for the 
kindergarten group in Experiment 1 . . . , 



Predicted and observed correct response 
probabilities for samenpondition and 
dif f d'rent-conditions at 3.0 sec. exposure 
time and 1 sec. retention, interval for the 
kindergarten group in Experiment 1 . . . . 



Figure 



LIST OF FIGURES (cont. ) 



Paae 



10 



11 



12 



13 



14 



15 



Predicted and observed correct response 
probabilities for same-condition and 
different conditions: at 3.0 sec. exposure 
time and 3.0 sec. retention interval .for 
the kinder<^arten group in Experiment 1 . , 

Predicted and observed correct response 
probabilities for same-condition and 
different-condition at .5 sec. exposure 
time and 0 sec. retention interval for 
the first grade group in Experiment 1 . , 

Predicted and* observed correct response 
probabilities for same-condition and 
different-condition at . 5 sec. exposure 
time an4 1 sec . retention interval for 
the first grade group in Experiment 1 



Predicted and obser^^^d correct response 
probabilities for 'same-condition and 
different-conditions at .5 sec. exposure 
time and 3 sec retention interval for 
the first grade group in Experiment 1 . . 

Predicted and observed correct -response 
probabilities for same-condition and 
different-conditions at 3.0 sec. exposure 
time and 0 sfec. retenti^^n interval f.ar the 
first grade group* in Experiment 1 . . . 



Predicted and observed correct response 
probabilities fdr same-condition and 
different-conditions at 3.0 sec. exposure 
time and 1 sec. retention interval /for the 
first grade group in Experiment' 1 . . . 



Predicted and observed correct response 
probabilities for same-condition and 
dif fere'nt-conditiohs at 3.0 sec. exposure 
time and 3.0 sec. retention Interval for 
the first grade group in Experiement 1 . , 



106 



108 



110 



112 



114 



116 



118 



ERLC 



1 0 



ABSTRACT \ / 

• Part of the' conventional wisdom concenninp children's 
learning to read is that word identification is often based 
upon "only part qf ' the graphic pattern. For over half a> 
century descriptions of oral reading errors of beeinninp- 
readers have no:ed (a) the use of limited graphic 
in'fornatlQn in word identif icat ion , ^nd (b) the saliency of 
the initial letter as such a cue. However , ^ such 
conclusi®ns are not Justified solely on the basis of oral 
readinp errors. Graphic^ syntactic and serantic 
constraints as*well as^response availability and 
retrievabili ty affect the choice of rppponse. Furthermore, 
the relative importance of these constraints in reading may' 
change with the child's reading proficiency.' 

This study presents an account ^ of position saliency in 
terns of (the child's ability to utilize graphic 
informatipn, and in particular the serial encoding of 
information from letters in a graphic pattern. By varying 
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the number and portion of the letters dis tin/uishinp 
graphic patterns (P-os conditionX in a 3hort-term 
recognition memory (STRM) -task, the relative use of 
information from different parts of the graphic pattern can 
be determined. Under STRM, the subject must an&lyze,* 
remember and utilize the graphic infornatio^ from' the 
Target (T) stimulus, in Judging whether or not the 
Comparison (C) stimulus is the same as the T stimulus. 

In Experiment VExposure Ticre (ET) of the T stimulus, 

detention Interval (RI) between T and C stimuli and the 

Pos condition were varied. 

r * 

If the initial letter is sa lien t . because it is. usually 
the fi.rst of the letters encoded^ there should be an 
interaction of ETxPos condition. - Detection of a differen-ce 
between T and C stimuli should increase primarily in the 

middle and final lette'r position with an increase in ET. 

1 

If position saliency is due to a differential forgetting 
rate as a function of letter position, an RlxPcfs condition 
interaction would be predicted with greater forgetting in 
the middle and final letter positions. The hypothesis that 
the saliency of the initial letter position is due toa 
phonic decoding strategy used by young readers may be 
examined by evaluating the performances of both readers and 
non-readers . 

The results of Experiment 1 indicated that both second 
semester prereading kindergarten children and first graders 
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are more likely to detect a difference between' t4ie T and C 
stimuli in the initial letter position than at the middle 
or final letter position.. Furthermore, the predicted 
ETxPos C(§ndition interaction was significant with increased 
ET primarily affecting detection of a difference at the 
middle' and final letter positions. The RIxPos condition 
interaction was in the direction predicted to explain 
p^osition saliency '1'he initial letter was more likely to 
be forgotten with increased RI than letters in ether 
positions. .. . 

Experiment 2 us.ed ,a similar paradigm with a fixed ET 
aTTd RI to investigate the saliency of position for entering 
kindergarten children. The results indicated neither a 
position effect nor any indication' that children's 
performance changed during the study. 

The results of Experiment 1 are further described 
using a finite state model incorporating four psychological 
processes: encoding, forgetting, comparison of encoded T 
information with pre^en^ed C stimulus, and a decision 
process. The model emphasizes the importance of evaluation 
of, children 's responses in terms of different decis^ional 
strategies which may be adopted. 

These studies support the notion that the initial 
letter position becomes a salient cue in word 
identification. ^Furthermore, this position saliency can ^ 
'occur prior to Veading instruction per s^. Children 
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develop a l^f t-to-ripht processing s-tratepy which is 
revealed by varyjjxp^he processing tine. From the finite 
state model we can conclude that children's decisional 
processes vary with their information about the 'stimuli. 
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INTRODUCTION ^ 

PaM of the conventional wisdom concerning children's 

</■ 

learning to read is that ttit identification of words is 
often cued by only part of the word. Evidence for such 
cuing is found in a number of studies of children's oral 
reading errors (Bennett, 19^2; Biemiller, 1970; Davidson, 
193^; Weber , 1 970 ). . For over half a century, descriptions 
of the oral reading errors of beginning readers have noted 
^a) the use of only limited graphic information as cues to 
word identification, and (b) the saliency of the initiaj. 
letter as a cue to word iderltif ica tion.. These 
characteristics of word identification performance may be 
used jto indicate the developmental progression of learning 
to ^ncode information from a- graphic pattern d.e^- , to form 



an internal representation from the graphic pattern) and to 
utilise the encoded information in word recognition, A 
major change in the performance of the child as he learns 
to, read is the increase in the graphic approximation of his 
oral reading to the printed word. As the child becomes a 
skilled reader, a word misread is. increasingly likely to 
resemble the printed word in specifiable ways: the printed 
wopd and the; word substituted for it have more letters in 
common , and they continue to be more likely to begin with 
the same letter. This developmental progression indicates 
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the increasinp importance of graphic information in the 
identification process. Howeve^, it does not indicate why 
the child does nC)t use more praphic information in the 

II 

identification process initially, or why the initial letter 
is so often used as a major cue- in word identification. 
These issues are examined in the present study by 
investigating- the development of the ability of 
kindergarten and first grade students to utilize graphic 
information. Specifically, the role of letter position in 
that development will be examined. 

One explanation of the use of limited graphic 
information and the growing saliency of the initial letter 
position argues that they are not due to the vi's'ual 
characteristics of the graphic pattern (Kolers, 1970). 
Kolers and Perkins (I969) reported adults' oral errors on 
pseudo-words presented in various visual transf cfrmations of 
normal print, e.£. , mirror image. No relationship was 
found between the letter position and the probability of an 
error for pseudo-words of equal length. Kolers (1970) 
argues that this indicates that position saliency cannot be 
due to visual processing capabilities, but is due to 
cognitive or linguistic factors. One linguistic factor 
which has been proposed to account for position saliency is 
segmentation ability, that is, the child's ability to hreak 
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a word into its constituent phonemes ( Shajikwei ler and 
Liberman, 1972). Accordinp to this h^^pothesrs, the child 
must be able to segment the spoken representation of a vord 
before he can use the individual sounds for the letters as 
a means of identifying the word in wemory . It is argued 
that the ability to segment the initial sound occurs prior 
to the abilp^ty ^to segment succeeding sounds in a complete 
word. Thus, the child is able to decode the initial letter 
into its sound, then use this sound and .whatever contextual 
information is available to identify the word. The 
/information from the middle o^h final letters is allegedly 
not used because the child cannot segment those parts of 
the word. This lack of segmentation ability is said to 
prevent the child from using letter-sound information to 
generate a representation of spoken words in memory. While 
no data is given on the relationship of the segmentation 
abilities of readers and non-dreaders to word Identification 
ability, the formulation does have certain clear 
implications. The sali^ency of the initial letter position 
and the use of limited graphic information are both due. to 
the reader's word identification strategy, a strategy based 
upon using the letters as cues to sounds-. If this is a 
tenable explanation of the phenomena , the phenomena should 
be restricted to the child v/ho is unable to segment, but 




who knows some letter-sound corresppndences , i.e., 
bep-inninp readers. However, prereadinp five year olds have 
been shown to prefer the use of initial letter position in 
natchinp tasks involving both strings of letter-like forms 
(unpublished data, from the Prereadinp Skills Proprar) and 
pseudo-words (Calfee, et al., 1971). 'Thus this explanation 
as presently formulated does not appear tenable. 

A more widely held explanation for the use of United 
praphic information has been stated by Samuels (197C). 
Accordinp to him, "children select the easiest cue for 
recopnition/'- and that cue is often a sinple letter of the 
word. While the term^ "easiest " is not further defined o^ 
operationalized in terms of a measurement procedure, it is 

clear that it, is meant to convey that limited praphic 

\ 

information i"s utilized. Biemiller (f970) presents a 
similar view by supp^stinp that the qhiixK "avoids" usinp 
praphic information as much as possible, c^Vpsinp instead 
to rely on other sources of identification information 
whenever possible, e semantic or syntactic contextual 
information. AQCordinp to Samuels, the use of limited 
praphic information is due solely to the child's stratepy 
of encodinp only enough praphic information to distinpuish 
the word from other words beinp learned. Samuels arpues 
that the child widl modify the stratepy under conditions 
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which require the use of .^ore pra'phic inforiration (Samuels 

> 

and Jeffrey, 1966). That is, the child has the ability -to 
encode more than a very limited amount of graphic 
information but doe's not use it. 

Using a learninp; paradigm with sets of four two- 
letter pseudo-words (e.£.,,DA, BE, MI, SO and SE , SA , ME, 
MA), Samuels and Jeffrey (1966) found that the- proup 
learninp the list of words having no common letters (the 
graphically dissimilar list) used graphic information f ror^ 
a single letter as the cue for identification. The group 
learning the list of words which were graphical ly more 
similar t/sed both letter positions as a source of 
identification. This data has been interpreted by Samuels 
as evidence for a difference in strategy of word 
identification. However, although both groups were tested 
after the same learninp criterion was met, the group 
learning the list of graphically dissimilar words had 
reached the criterion after fewer trials than the proup 
learning the graphically similar list. If the term 
s tra te;yv is to refer, to differences in the encoded 
information resulting' from the analysis and subsequent 
storage of graphic information, it is not clear that the 
two groups differed in word recognition strategies. 
Suppose both groups began by encoding a single letter to 
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^identify the words: as soon as both pro4jps reached this 

criterion, one group would be able to perform the 

identification task, and the other would not. Continued 

learning would "be needed before the group learning 

> 

graphically similar words could perform the task, because 

they would need graphic* information from both letters. If 

the group learning graphically dissimilar words had 
r- 

continued to work on the task as much as the one learning - 

' \ 

graphically similar words, its members also might have had 
both letters encoded. Berry, e_t al. (T971) in fact 
reported that the amount of graphic information utilized 
may continue to increase after perfect performance has been 
reached. If Samuels and Jeffrey had tested a third group 
which had as much experience- with the graphic patterns as 
the high similarity groups, there may have been no 
difference in the graphic information used in their 
identification performance. Such performance would hot 
indicate changes in the initial encoding of graph^^c 
information as a function of the task. Rather, the term 
strategy would refer only to the fact. that performance on 
an easier task might be accomplished, with less information 
than that needed for a harder task and would not reflect 
any change in the child's processing of graphic patterns. 
Lacking such evidence, the issue of whether or ndt the 
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child modified the jencodinp of a praphic pattern as a 
function of the tasK remains unref^olved. 

I ^ave examined , two explanat^ions of the use of limited 
praphicWnf ormation-^and saliency of ipitial letter 
position. The first l;iypothesis , that the phenomena are not 

i ^ ' 

related to visual capabilities of the child, but are due 
instead to the way the bepinninp reader uses 
word-segmentation ability and letter-sound knowledge to 
identify a word is weak. It has neither the empirical data 
to Justify the alleged connection between word-segmentation 
abilities and reading skill, ^ nor the generality to explain 
why prereaders also use limited graphic information in 
visual tasks. The second hypb^thesis, that the child fails 
to use more^ graphic information because he encodes only 
enough graphic information to distinguish among the printed 
vocabulary, is not contradicted by available evidence . It 
was emphasized, however, that there is no data to Justify 
the assertion that the encoding process changed as a 
function o"\ the graphic requirements of the task. An 
equally plausible explanation is that the number of 
presentations necessary to encode suff icient ^ information 
for identification varies directly as a function of the 
visual similarity of the set of graphic patterns to be 
identified. The encoding that occurs upon the initial 

2i V, 
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presentation of a praphic pattern nipht not vary when then 
the child kno.ws that praphic information fror each letter 
position will necessary for identification. 

The theoretical -positions, just cited on the use of 
limited praphic information and the saliency of the initial 
fetter have not related the phenonena to visual proces.^inp 
capabilities. No attempt has been made to consider several 
relevant! questions . Kirst, can the limited use of praphic 
information be accounted for by the child's inability to 
process critical types oT visual information, 'e.£., the 
sequence of the letters in ^ praphic pattern? Second, is 
the child limited in the amount of praphic information that^ 
he can store in a brief presentation of an unfamiliar 
praphic pattern? Finally, is there any evidence that would 
lead us to hypothesize that the child mipht have praphic 
infornation encoded which is not utilized in th'e decision 
process of selectinp a response (cf. Gibson, 1969)? The- 
first two of these questions concern praphic processinp 
ability, while the third involves the decision process. 
All three questions will be addressed in the followinp 
sections . 

• ^ V 
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GRAPHIC PROCESSING ABILITY 

Two characteristics .of the child's processing habits 

* - ■ _ ' /- 

rfiight change as he learns- to reacj and mipht be related, to 
his use of limited graphic information and position 
saliency; (1) critical types of visual inf orma tion or the 
qualitatively different kinds of gr^aphic information which 
the child can encode, ^e.£. , sequence of letters ( saw vs. 
was ) : and (2) limi ted capacity , or; the Quantitative 

r capacity of the child to encode' graphic information. 

Critical types of inf ormation . A number of studies 

deraonatrate that a child's ability to use critical types $)f 

gfraphic information increases' dramatica 1 ly during 
kindergarten and first grade (Calfee, ^ al.. , 1971; 
^ Chapman, 1971, a,b). Information is considered critical 
when its use is necessary for visual discrimination among 
indj-vidual graphemes or among words or letter-strings. To 
explain the early non-use of graphic information. Smith 
(1971, p. 224) has suggested that the chil<j who is 
leai|ning to read "does not know where to look for the 
distinctive features of' letters; he knows how to look but 
not what to'l€:)ok for", and he must learp this. . If this 
were the case, we might expect that oral reading errors 
were the res^ilt of^ a lack of ability to process ^^^ers 
visually. But there is' evidence. to the contrary. Not even 
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^t)rereadinp k i nderpar ten .c+iilcren have troi^ble 
c]4stinrui3hinp arnonp the lette^ of the alphabet, except 
those^few that are d is.t i npui shed by orientation (Gates eJL 
a^-, 1939)- Therefore/ it appears that the prereadinp 
child does know "what' to look for" in order to dist^npuish 
individual letters; f urthermore , Jne knows it prior to 
formalinstruction. 

On the other hand, the child's ability to discriminate 
anonp^s-hort I'etteV'-strinps and the set of letters 
distinpuished by orientation does chanpe as he prop;:^sses 
throuph the first year of readirip instruction. A 
kinderparten child often has trouble consi-stently 
discriminatinp between words like saw and war, which differ 
only in the sequence of their letters and bip and dip whose 
initial letters differ in their orientation. But thHs 
difliculty cannot' account for the ident i f icfation 
difficulties of the be^^nninp reader. It iv^ ^estimated that 
less than ten percent cyT oral readinp errors are 
praphically ti i st i npu i she'd from the printed word only by 
Jotter sequence or letter orientation (Bennett, 19^2). In 
general, these two deficits in encodinp and utilizinp 
criLical aspects of the praphic pattern are no lonper 
evident "by the end of the first prade.' Therefore, it does 
not appear that the ability to encode the distinpuishinp^^ 
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characteristics of a sinple letter or the seouence^ 
information from letter-st rinps is a major problem- in word 
iden t i-f icalion . . ' " ' 

There is, however, one type of praphic pattern whose 
prgcessinp is quite rele^nt to understanding substitution 
errors. Over eighty pe recent of oral readinp errors bepin 
or end with the same letters as that of the printed word. 
The precursor of those praphically similar errors is seen 
in the troCible kinderparten children have in discriminating 
words of three or more letters which differ by a sinple 
letter not in the sj^nitial letter position, e.£. , cape and 
rape . While most kinderparten children can discriminate 
amonp such praphic patterns at better than chance 
performance, over half of the students are unable to 
perform the task consistently above .eiphty-five percent 
correct. (Chapman, 1971, a,b). When the number of 
different letters in the word is increased, discrimination 
performance rises. For example, Nodine and Hardt (1970) 
found that reversinp the middle letters in a four-letter 
word w^s detectable in better than ninety percent of the 
cases by ' prereaders . Both the lenpth of the praphic item 
and the position of ^ the distinpuishinp letter affects 
performance (Chapman, 1971a). 
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That a rhild perforrr^ at better than chnncp arcuracv 

I 

on such tasks suppests that he is usinr sore praphi c 
information in nakinp hi*s res'ponses, and* that this 
infornation nay be sufficient for nakinp a correct ^ * • 
response. However, d i sc r i ni na t i o^ ability in these 
particular studies was assessed with a natchinp to sanple 
procedure which indicated the ability of , the child to 
utilize praphic infornation . They do not indicate the 
anount of praphic inf^Drnation which the child had available 
for the followinp reasons: (1) The child nipfit have used 
the position of the previous response as a factor in nakinp 
a response. There war a tendency for the child to select 
the alternative next to the sanple in a left to ripht 
propression (Chapnan, lQ71a). Since no child was told whf^n 
he made an incorrect response, all responses nipht have 
been considered to be correct. In "such a situa-tion, a 
child nipht use either praphic infornation or position of 
the last ^'correct'V response to decide on the next response. 
This would preclude our usinp. the chosen alternative as. an 
indicator of the f^raphic infornation utilized in the 
selection of th^^^sponse. (2) Each trial consisted of 
several alternatives which the child nipht exanine and ' 
choose. There is no neans of deternininp whach 
alternatives vTere actually exanined. Th-erofore, we cannot 
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determine which of the alternatives are considered to be 
identical with the standard. .Since all combinations of 
position differences between the standard and alternative^ 
did ^not occur in each alternative position, these studies 
do' not provide jguf'f icient data for drawing a conclusion as 
to 'the amount'^^^ef^ graphic information utilized. Thus, we 
can conclude only-that there are visual tasks for which 
only -limited ^isual information is used, and for which ' 
letfer position relates to or predicts the likelihood that 
graphic information from that letter will be utilized. 

'The graphic information from the letters in the middle 
or the end of a letter string- does not appear as likely to 
be used in discrimination or . identification tasks as 
graphic information fiom the initial letter position. One 
visual processing mechanism which might be postulated to • 
help explain this unique problem of dealing wi^h let-ter 
strings is an internal scanning mechanism. Ghent-Braine ^ 
(1968) has used the concept of visual scanning to account 
for differential visual information f ollowing presentation 
of a visual form. She notes that both the starting point 
for the scan and the scanning direction are important in 
understanding pattern perception. Ghent-Braine (1968) 
States "Enhanced perception of a particular side of a 
pattern could occur as a result of scanning the pattern in 
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a particular direction." Selection of the point at which to 
berin the scan nay change as a function of the exp,erience 
with alphabetic materials which are ordered lef t- to-ripht . 
Either a left -most starting position or a leftTto-ripht 
visual scan of a graphic pattern could account for the 
salience of the initial letter, especially if the scan i? 
either incomplete or limited by the ability to "store 
encode^d* information . Such a scanning mechanism will be 
considered later as a possible- -explanation of initial 
letter saliency. 

LiiTii ted capaci tv . Studies of short-term recognition 
memory for visual forms have suggested the possibility of a 
limited capacity to encode visual information. This 
limitation does not apply to the ability of the child to 
register visual information in a sensory storage systc-n, 
but to the ability to encode and utilize more than one or 
two visual patterns. In studies concerned with the 
utilization of information from brief tachis toscopic 
exposure, prereading five-year olds have demonstrated a 
short-term visual storage system which is superior to that 
of adults. Using a partial report technique" (Sperling , 
I960; Averbach and Coriell, 1961), Sheingold (197^1) found 
that prereaders' performance was superior to that of adults 
when the form to be reported was cued within 50 msec. of 

f 
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the stimulus offset, Thus, there is no evidence of a 
limited ability to register graphic information. 

Other studies indicate that the prereaders cannot 
utilize enough graphic information to report more than 1.6 
indivi|fc|al patterns from an array of two, three, or four 
forms presented tachistoscopically (Haith, Morrison, 
Sheingold, and Mindes, 1969). This estimate is consistent 
with studies dealing with memory for individual letters 
(Hoffman, 1927 in Woodworth and Schlosberg, 195^). If the 
child treats each letter as a separate pattern to be 
analyzed and remembered, this memory * limitation could 
explain the u^e of limited graphic information. On the 
other hand,. if the graphic pattern as a whole has a unique 
character which can be the source of graphic information, 
such a memory limitation may not affect processing. 
Neisser (1967) notes that the child and the illiterate are 
reportedly more likely not to^separate the individual 
graphic elements for encoding, and are more likely to deal 
with ^ larger unit. If this is true, the. child may be able 
to Encode a great deal of graphic information from the 
graphic pattern, and to demonstrate sw^h encoding ability 
under some tasl^ conditions. 
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DEXISION PROCESS VARIABILITY 

Graphic information encoded ^from a visually presented 
pattern is not the sole determiner of a response in a 
visual task. The way the child utilizes the information in 
decidinp upon the selection c^f a response may be equally 

if 

important. Wh^.le we should '^never assume that any response 
implies more thajn the minimum of knowledge required tu 
produce it" (Diack, 1961), it should be noted that 
responses may not reflect the available information. For 
example, Pillsbury (1897) investigated adults' encodinp 
habits by presenting woi^ds with blurred letters, 
misspellings, or omitted letters for identification. 
Pillsbury recorded not only the word identifications but 
the reports of tlie character of the stimuli. Ke reported 
that under identical presentation conditions, subjects who 
knew the purpose of the experiment were more likely to 
report the blurred or incorrect letters. It seems likely 
that these subjects were willing to make such a report on 
the basis of their graphic information because they knew 
si|^1n stimuli were to be used: This information biased the-.^ 
report the "knowledgeable" subjects were willing to m^e on 
the basis of the graphic information. 

Smith (1967) reports another example of response 
characteristics affecting a visual task. His data suggest 
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that subjects nay effectively have a trade-off involvinp 
the need for graphic information and accuracy. The more 
accurate subject overall had more praphically constrained 
errors than the subject who was less accurate overall, but 
more willinp to make a response with less in format ion . I f 
one assumes that the availability of praphic information 
varies as a function of the contrast levels (as determined 
by the intensity of the light source), then one can 
determine at wh^t contrast levels subjects are willing to 
make a response. Smitti ( 1967) reported that the subject 
who reauired a high lev^jVof illumination before making a 
response was not only more accurate, but had more 
graphically constrained error responses than, a subject who 
made responses at a lower level of illumination. . Since we 
must assume in this argument that the illumination level 
actually resulted in different levels of graphic 
information being available, the interpretation must be 
considered as tentative. In any case, for performance 
l$veis much less than perfect, we must consider the 
possibility of decision strategies influencing performance. 

While the possibility of the child having strong 
respofise biases in identification or discrimination tasks 
has not been investigated, the possibility cannot be 

neglected. In any task i« which the child '.s performance is 

\ 

% 
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not consistently correct, the possibility of deciding upon 
the response on the basis of incomplete information or 
ouCrirht guessing must be assumed. Evaluation of the 
information available i'n such situations should take into 
account the possibility of biases operating in response 
selection. ^ 

CONSIDERATIONS IN INTERPRETING VISUAL TASKS 

It has been pointed' out that oral reading errors of 
beginning readers have been construed as an indication of 
the use of limited graphic information and a reliance on 
the initial letter as. the primary source of this 
information. Both encbdirfg/storage ability and decision 
processes could affect the utilization of graphic 
information: the first by limitjjmg the nature or extent of 
the graphic pattern encoded and the latter by affecting the 
particular sources of inf orma to^^^n used to make the 
identification. Identification ^errors in oral reading 
cannot provide estimates of the .^mount of graphic 
information the child is able to encodl| for the following 
reasons: ('i) The extent of the graphiAinT encoded' 
and utilized in reading varies in verse^Swi th the amount of 
contextual information available in theMPdentif ication task 
(V^eber, 1970). V;hen an oral reading error is consistent 
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with the syntactic and semantic conctraints of prior 
context, the graphic approximation^ to the printed word is 
usually less than that found when the error is not so ^ 
constrained, (2) The extent to which the availability of 
verbal labels, the strength of associative connections, and 
their retrievability affects the selection of responses is 
both unknown and uncontrolled. Therefore, other methods of 
assessing encoding must be found. 

One method proposed for assessing the graphic 
information encoded relies on similarity Judgments to 
prbvide an index of strength of graphic information, 
(Marchbanks and Levin, 1 965; Williams, e_t al, , 197C), In 

both studies, children were presented three or five-letter. 

\- 

graf^iic patterns for a three-second examination period, 

\ 

Then ^hey were asked to select from lour graphic patterns 

\ 

the on^, which was most similiar to the one they had just 

seen. None of the items for comparison wa^ the same as 

the graphic pattern presented initially, but each was 

similar to the presented pattern in a specific way: the 

overall shape was the same without having any common 

letters^ or the comparison items had one letter in common 

in any one of the letter positions. The percentage of 

times that one type of comparison item was chosen over the 
others w^s a measure of the relative strength of that type 
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of similarity as a visual cue. The^results indicated that 
all subjects in the first prade preferred the comparison 
items with the same initial letter as the presented 
pattern. While Marchbanks and Levin (1965) also found 
5:imilar results for kindergarten children, Williams, et 

( 1970) failed to replicate these results with 
children of the same grade from a lower socio-economic 
communi ty . 

This experimental paradipm offers some advantages over 
other ways of measuring the utilization of graphic 
information. Primarily, it does net reouire association or 
response learning as a prerequisite. However, at best 
providers an indication of relative strength of the graphic 
information. If information from several letters is 
encoded, the child must choose which letter is to be used 
as the basis for determining :<^similarity . But the ^ 
experimental paradigm does^Wt provide any estimate of the 
available graphic information. Furthermore, it is 
difficult to assess whether or not the children understood 
the directions for the task. Williams, et al. (1970) 
reported that all the comparison items were equally likely 
to be chocon by the kindergarten children. Does this 
indicate that all the sources of information ^ere equally 
encoded or that the children had no idea what to do and 



therefore chose randomly? Such infornation cannot be 
de t ermined f rom the data. On the basis of the criticisms 
of previous studies, ^3 methodology for studying the 
encoding and utilization of graphic information v/ill be 
proposed below. 

A MORE EFFECTIVE PARADIGM: SHORT-TERM RECOGNITION. flEMORY 

One of the major limitations noted with previous 
studies concerned with the processing of graphic 
information was that the infornation the subject had 
available mig.ht not be reflected in the response selection. 
Correct responses, especially to unique or unusual graphic 
patterns; may have been cued by only a snail part of the 
graphic pattern. In studies involving similarity or 
discrimination Judgments, incorrect responses were not used 
to estimate how much graphic information was, utilized. 
Both correct and incorrect responses may have been based on 
a wide range of gr^hic in formation. 

A me thodoTbgical procedure which does not have the ^ 
inherent limitations of previous studies is the short-term 
recognition memory paradigm. Successive presentation of 
target (T) and comparison (C) stimuli which must be judged 
as same or different provides a test for discrimination 
(Sorkin, 1962). Under successive presentation conditions, 
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the subject must analyze the praphic information of the T 
stimulus, remember the information resultinr from the 
analysis for a short period of time, and use this 
information in Judpinp whether .or not the C stimulus is the 
same as the T stimulus. Unlike the simultaneous 
presentation of both T and C stimuli which permits the 
subject to check and re-check for specific differences 
between the stimuli, the analysis of the T stimulus must be 
completed before the presentation of the C stimulus. 
Furthermore, the decision nay be based on the praphic 
characteristics of the pattern as a whole. The child does 
not need to identify isolated letters as part of the task 
requirement. 

There are three other advantages of the successive 
presentation paradipm. First, manipulation of *^he number 
and position of the components of the praphic pattern which 
distinguish the T and C stimuli should result in stimuli 
pairs whiph vary in their discriminabili ty . This permits 
us to exanint? performance over a wide ranpe -of^ 
discriminability. 

Second, an analysis of subjects' incorrect responses 
serves as an index to the information which is beinp 
encoded and remembered. If a S's performance varies as a 
function of the letter position, some stimuli pairs should 
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be better discrinina ted than others. \ For exanple, .if a 
consonant-vowel-consonant trip^ran (CVC) such as sec is 
presented as a T stimulus,, possible comparison(C) st imiTtT^ 
which nipht be presented to a S would be s6c , ser , sor . 
mejd, mQC , mer . and mor . These C stimuli are different from 
the T stimulus in the number and position of letters, which 
distinguish the patterns. If S consi^stent ly encodes 
information frop the initial (I) letter position, he will 
"have to base subsequent judpnen ts . abqut the nature. of the T 
stimulus on the information he has encoded about the 
character is i tcs of the initial letter. Comparison stimuli 
such as s_oc, ser . and sor should be judged by'S as 

v., 

identical to the T stimulus sec . and nec , moc , mer , and mor 
Judged as different. 

Third and finally, the use of a f orced-choiced task 
provides us a better measure of the discrininabi li ty of 
graphic patterns. A child's likelihood of sayinp that two 
identical 'stimuli are different can be used to evaluate the 
information which is contained in the response "different*' 
when the stimuli are, in fact, different. 

Experimental rationale . Two experiments will be 
reported in this paper. Both employ a short-term 
recognition memory paradigm in which the number and 
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position of letters distinpuishinp the T and C stimuli ^re 
varied. 

In Experiment 1 there arc two Exposure Time (ET) 
conditions for the 'presentation of the T stimuli (.5 and 3 
sec). Three Retention Interval (RI) conditions are 
employed between the Qffset of the T stimuli and the onset 
of the C stimuli (0, 1 and 3 sec). The propositions 
tested in Experiment 1 were: 

(1) A limited utilization of p:Faphic information 
implies that only part of the graphic pattern wilT be 'used 
in. the recognition process. If true, the reccjrnition of 
differences between T and C stimuli should vary as the 
number of possible differences whic>- might be utilized to 
distinguish them varies. Therefore, recognition 
performance should Vdfy as a function of the number and 
position of the distinguishing letters. Further, since^ 
under this hypothesis incomplete information is used for 
judging two stimuli as the same, it would be reasonable to 
expect that responding to identical graphic stimuli would 
result in a number of errors even though there are no 
distinguishing letters. 

(2) The saliency of the initial letter position should 
result in C stimuli being ^judged as different more often 
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when the initial letter is different than when any other 
letter distinguishes the T and C stimuli*. 

(3) The hypothesis that the initial letter position 
is salient because the child serially encodes the graphic 
information should result in an interaction of exposure 
time and letter position. Recognition of initial letter 
differences should not be greatly affected by the longer ET 
conditions if^ in fact, the initial letter is the first one 
encoded. The increased ET shou Id ' resul t in an increased 
^probability of recognizing the middle and final letters. 

(4) If the saliency of the initial position i's due to 
a child's word identification strategy developed in 
learning to read, there should be no position saliency 
effect in the kindergarten » group since they are not being 
taught to read. 

(5) The saliency of the initial letter position might 
be due to a low likelihood of being forgotten. If this 
were the case, there should be an interaction of letter 
position and retention interval in which th^ probability of 
recognizing the middle or final letters decreases more with 
a longer RI than that associated with the initial letter. 

In Experiment 2, beginning kindergarten children were 
tested at the short ET and medium RI of Experiment 1. The 
data were analyzed to decide two Questions: 
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(1) Is the initial position salient before reaclinp 
related instruction begins? 

(2) Is there evidence that the child becomes better 
at usinp information from the whole word as he becomes 
familiar with the short-tern recognition memory task? 
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EXPERIMENT 1 
, Method 

Materials , There were two main concerns in selection 
of test materials: (1) the presence of a position effect 
sh.oulcl not be confounded by the specific letters used in 
those positions/ and (2) first grade readersshouid be able 
to use any cognitive -functions related to reading, such as 
pronuciation , to' perform the task. It was, decided to use 
pronounceable CVCs that are also pronounceable when the 

« 

consonants are interchanged. This results in a confounding 
of specific letter positions with letter type, ^ consonant 
or a vowel, but permits the examination of an I or, F letter 
position saliency. 

Two hundred twenty-four CVCs from the nO-lOD range of 
the Archer (I960) associ^ion list were chosen as stimuli. 
These were placed in 28 x 9»' matrix which reflected the 
following restrictions (Table 1). The twenty-eight , items 
in Column 1 were designated as T stimuli and were composed 
of fourteen anagram pairs (e.£.. , row 1 and 15). The seven 
C stimuli in columns 2-8 have the same general word shape 
as the T stimulus (where general word shape is defined as 
having ascending or descending letters in the same letter 
position of both stimuli) and do not contain orientation 
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reversals of letters (e.g., bas; da^) or order re^versals of 
the consonants (e.g., sec., ces ) , The ^et of seven C 
stimuli paired with, a spe^fic T stimulus was chosen to 
provide specific relationships between the T and C as to 
the number and position of the dis tinpuishing letters. The 
T stimulus was also used as a C stimulus on trials in which 
the stimuli were to be Judged to' be the same. The eight 
ways ^in which the T stimulus may be related to the C 
stimulus constitute the Position-condition (Pos).' The 
. stimuli in columns ,2-4 had different initial letter, middle 
letter and final letter from the T stimulus respectively. 
The stimuli in columns 5-7 had different letters in two 
positions and the stimuli in column 8 were completely^ 
different from the T stimuli. For any T stimulus, the set 
of C stimuli^ which had a letter different from it at a 
specific position were identical at that position. For 
'example, for T stimulus sec, the C stimuli which differed 
from it in the initial letter (I,'' IM, IF, and IMF) had tbe 
identical initial letter, e.g., mec, mac, mer, and mor. 
Furthermore, the same letters were used to make the C 
stimuli for the T anagram. 

This 28 X 9 matrix of stimuli was used to construct 
seven lists of Target-Comparison (TC) pairs. Each list 
consisted of 56 TC pairs. Each T stimulus was paired as a 
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C. stimulus with itself and is here labeled a Same condition 
item (S-conditionr) . All of the lists contained identical T 
stimuli and differed only in the particular C stimuli used 
to generate the various Pos conditions. One C stimulus 
from column 2-6 was chosen without replacement for each of 
the 28 T stimuli to form Different condition items 
(D-condi tion ) with the following restrictions: (1) each of 
the seven D-condition occurred four times in the list; (2) 
for each D-condition item randomly chosen for a T stimulus, 
the D-condition item made by reversing the I and F letters 
and its T stimulus was included. Thus, if sec - ser formed a 
pair in the list, ces - res also was included in the list. 
This insures that the position changed is not confounded 
with the specific letter which is different in a list. 

The i tems f rom each list were used for the six ET(2) x 
RI(3) condtions of the experiment for a set of ^ Ss. Since 
the experiment consisted of four sessions, the items in a 
list were randomized into four blocks of 14 trials each, 
with one of each D-condition and seven S-con.dition items in 
each block. Each block was then randomly assigned for 
presentation in bne of the four sessions. This was c 
repeated for each of the six ET x RI conditions resulting 
in six blocks of material assigned for each session. These 
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bloQks were then randopily assipned a prepentation order 
within each session. 

Each CVC was initially strip printed in lower case 
letters from a film on strips of white paper. Each of the 
28 T stimuli were then photographed with a 35 mm camera. 
The negatives were mounted for a 35 mm slide projector. 
The C stimuli differed from the T stimuli by having a 
vertical line approximately three letter spaces from each 
end of the CVC. 

Apparatus . Two Kodak Carosel projectors equipped with 
Gerbrands tachistoscopic shutters controlled by a Psionix 
)1248A Timer projected the stimuli on a gray square rear 
pro'jection screen from a Sawyer's Mirascreen. Two 
horizontal lines on the screen above and below the , 
projection field served as a focusing guide. The 
projectors were focused to project a CVC with a visual 
angle of 2 degrees width when viewed from the subject's 
chair. Aperture mechanisms (set at 1 mm) were attached to 
the projectors to reduce the light intensity. A hand-held 
switch controlled by the S was" used to initiate each trial. 
A reset button was controlled by E to prevent the 
inadvertent initiation of a trial before the time f 
parameters for ET and RI were set, and to insure that the- S 
responded before he started the next trial. 
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Sub iec ts > Fifty-six children from two kindergarten 
(K) and three first grade (F) classes of a rural elementary 
school in Marshall, Wisconsin, were randomly selected to 
participate in the study. The kindergarten group had a 
mean chronological age of 72.5 months and the first grade 
groups mean age was almost exactly one year older, 84.3^ 
months. Because the study was conducted during March and 
April, the kindergarten classes had received reading 
readiness instruction. None of the K children in the study 
were identified as already reading by their teacher. 

Procedure . A T stimulus presented for a variable CT 
(0.5 sec, or 3.0 sees.) was followed after a variable RI 
(0, 1 or 3 sees.) by a C stimulus which remained visible 
for 3 sees. The S's task was to judge whether or not the T 
and C stimuli were the same or different and to indicate 
the judgment orally. ^ 

Twenty-eight Ss. from each grade (kindergarten and 
first) were randomly assigned to seven groups, each 
containing four S^. Each group received the same 
experimental conditions with different lists of stimulus 
ma terial . 

Each S was tested for four experimental sessions. 
Each session consisted of a warm-up or practice period 
followed by six ET x RI conditions whose presentation order 



was randomized for each frroup and session. For each Kl x 
RI condition in a session, E randonly presented seven 
trial$ with Sane condition stimuli ( S-condi t ion ) and^ one 
instarjice of each of the seven D-condi tions . 

The followinp is a synopsis of the E's introduction of 
the child to the task. E had familiarized himself with the 
children who were to participate in the experiment by 
attending their class for several days prior to the 
beginning of the experiment. The children had been told 
that E would ask them to help hin study what they could see 
and remember.- When a child was selected to bepin the 
sequence of sessions, E explained that S was poinp to be 
shown some letters to see how well he could remember them. " 
Then B took S to the experimental roon'^and demonstrated the 
projection a'nd response apparatus. S was shown how to 
initiate a trial by pressing a hand held switch. Next, he 
was given IC practice tiVials at, 3 sec. ET and 0 sec. RI, 
He was then given 4 practice trials at the ET x RI 
condition assigned to begin session 1. In each subseouent 
session there were 10 practice trials, at the first ET x RI 
condition for that session. Befo^se each block of trials, E 
informed S whether the T stimuli then would be presented 
for a shc^rt or long duration, and how long they would have 
to remember it. Each S was told after each response 
whether or not he was correct. 
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Results and Discussion 



Each S's probability of a correct response on 
S-condition trials and D-condition IMF trials collapsed 
over ET x RI conditions was evaluated using the cumulative 
probabilities of a binomial distribution. There was no 
evidence to supgest that any child was unable to respond 
^orrectly at better than chance (p < .01), therefore we may 
assume that Ss understood the task. ^ 

The analysis of the effects of ET , RI and Pos 



conditions was performed on each subject's probability of a 
correct response collapsed over Judgment type. Each 
subject judged four D-condition and four S-condition 
stimulus pairs for each ET x RI x Pos coj::idi t ion . The four 
T stimuli in the S-condition and in the D-condition were 
identical. S's probability of a correct response on these 
eight trials was used as a measure of overall performance 



for the ET X RI X Pos condition (cf. Tables 2^nd 3). 

As expected, the first grade group's performance (89%) 
was higher (11^) than that of the kindergarten group 
(F(1,5^) = 20.5, p < .0 1). The probability of a correct 
response shows a small (3%) but significant increase . 
directly related to ET (F(1,54) = 33-9, p < .001) and a 
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correspondinply small (4%) but significant decrease 
inversely related to increasing RI (F(2,108) = 23.2, p < 
.001). There was no indication of an ET x RI interaction 
(F(2, 100) = 1.86) . 

Limited uii li zation of graphic information . The 
effect of manipulating the number and position of the 
different letters in the stimuli pair is ^clear (F(6,324) = 
41.5, p < .01). Recognition performance is affected by 
manipula t irfg the number and position of the distinguishing 
letters. Examination of the probability that a ahild would 
respond correctly to S-condition pairs indicated that the s 
kindergarten group judged them to be different 21^ of the 
t*ime and the first grade group 10/t of the time. If we 
assume that a child does not respond "different" unless 
there is some graphic information from the C stimulus which 
he does not remember from the T stimulus, then we must 
accept the limited utilization of graphic information in 
ordertobeconsistentwiththedata. 

Saliencv ol Initial letter position . It is clear from 
the data that the initial letter is more likely to be \ 
utilized in th^, recognition Judgment than either the M or '^F 
letter. Post hoc Scheffe tests reveal that all pairwise \ 
comparisons amoung Pos-condi tions are significant (p < 
.05). The ordering of the Pos-condi tions from easiest to 
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hardest reveals a clear position saliency effect: 
IMF-condition (90%))^ IF-condition (88%); IM-condition 
(87?); I-condition (86J); MF^condition (83%); • 
F-condition (79%;) and M-condition (73%)- Furthermore, the 
single-letter I-condition produces better recognition of a 
difference than the two-letter MF-condition for both grade 
levels at each ET x RI condition. The saliency of the 
initial letter in the recognition task is clearly 
established by the data. * 

Serial encoding . The probability of recognition of 
differences varies as a function of the ET and Pos 
condition. As seen in Figure 1 the effect of increased ET 
is seen primarily in terms of the improvement of the Pos 
conditions involving the M and F letter positions with 
increased ET, and this ET x Pos condition interaction is 
significant (F(6,324) = ^4.53, p < .001). This interaction 
is consistent with the serial encoding hypothesis. The 
performance under Pos conditions involving a difference in 
the I letter position is not affected by increasing ET 
while performance under Pos conditions involving M or F 
letter positions improves with an increase in ET. 

Position saliency and encoding skills . There is no 
Grade x Position interaction. End of year kindergarten 
children behave much like first graders and have already 
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bepun to selectively encode the praphic information fror 
the initial position of the word. 

Forgeirtinp: ■ There was no evidence that the initial 
letter position was salient due to its low likelihood of 
being forpott'en. On the contrary, examination of the HI x 
Pos-condi tion interaction (F(12,648) = 2.22, p < .01) 
reveals that it is the information from the initial*" 
position which is most likely lost over the RI (Cf. Fipure 



Ha 1or factors in encoding and utilizing- graphic 
information . The results of examining the relative 
influence of the significant, factors by a point estimation 
technique (Myers, 1966) are presented in Table 4. As can 
be clearly seen, the estimate of the Pos-condi tion effect 
ffp^ is four times as great as the next largest effect due 
to grade level, ff/, and twelve times as great as the 
effects of the interactions of Pos-condi tion with either ET 
or RI . Retention interval and ET effect are only 1/23 and 
1/44 the magnitude of The number and position of , the" 

different letters in the C stimulus is by far the strongest 



va^^able manipulated. Not even reading experience produces 
as a great an effect on performance as the position of the 
letters in the graphic pattern. 
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EXPERIMENT 2 



There were two questions left unanswered by Experiment 
1 and the subsequent analysis: , (1) Has't^e attention to 
the initial letter position (developed prior to entry into 
school? and (2) Is there any evidence that the children 
begin to look at more global aspects of the praphic pattern 
during the course of the experiment as they learn that a 
single letter fails to distinguish many stimuli? To test 
these hypotheses, Experiment 2 was performed with ^' 
kindergarten chil,dren soon after the start of school using 
the short-term recognition memory paradigm of Experiment 1 
with a^constant ET and fil. 

Method 

Subjects . Twenty-eight kindergarten children from two 
classes in a Madison, Wisconsin school participated in the 
study. Their mean chronological age was 68.2 monthsi The 
study was conducted^approxima tely one month after the 
opening of school. Although the Ss. had been introducexj to. 
the concepts of "same" and "different" in the context of 
visual shapes and single letters, they had not been asked 
to make Judgments about letter strings of two or more- 
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letters. The names 'of the letters of the alphabet were not 
beinp taupht at this time. 

Materials . Fourteen of the eipht-item sets were 
chosen from the materials in Experiment 1. These were sets 
numbered 1-7 and 15-21 (cf. Table 1). The T stimuli were 
chosen such that their order reversals would also be T 
stimuli. A list was composed of the 96 D-cotidition itens 
(1^ instances of each D-condition) and an equal number of 
S-condition items. 

' Two randomfzed lists were created from these items 
with three restrictions: (1) no more than four trials of 
the same Judgment could occur in a row, (2) the same T 
stimulus cou]"d not occur more than two times in a row and* 
(3) an equal number of S-condition and types of D-condition 
items occurred in each half of the list. The lists were 
liieri counter-balanced by halves to produce H orderinps 
thesamenaterial. 

Apparatus A Kodak carousel slide projector with a 
Gerbrands tachistoscopic shutter was controlled by a series 
of Hunter timers. The rear projection screen described in. 
Experiment 1 was used. A subjpct-held switch initia-ted the 
beginning of each trial. 

Procedure . The procedure was similar to Experiment 1 
with the ET set at .5 sec and the RI at 1 sec. There"* were 
two sessions of 98 trials each. 
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Results and Discussion 
Developmen t of Posi tion Saliency . An analysis of 
variance was performed on the probability of 'a correct 
response collapsed over judgment type. The Pos-coad i t ion 
was significant (F(6,162) = 32.8, p <.001). There was no 
significance difference between I condition (72%) and F 
condition (71/t), nor between IM condition (75%) and MP 
condition (73?). Comparable conditions at the end of the 
kindergarten year produced significant differences between 
I condition (76%) and F condition (13%) as well as- between 
IM condition (83%) and MP condition^ {11%). This indicates 
that there is no evidence for a position saliency effect in 
young children who have not been exposed to reading 
readiness activities. 

Experimental learning effects . there was no 
significant difference between performance from Session 1 
(72%) to Session 2 (7^%), (F(l,27) = 3.^, p > .05). There 
was, therefore, no indication that children began to 
process more graphic information as they learned it was 
necessary for accurate perf ormance . Thus, we see that 
within the exposure time constraints of these experiments, 
neither the kindergarten nor the first grade child is 
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likely, to encode and utilize rraphic information from as 
many as three letter position-^. There is, however, a major 
chanpe in t he.^ sa 1 i ency of the initial letter which occurs 
before the end of the kinderparten year. The hypothesis 
that the child learns to focus on the initial letter 
position appears the most consistent explanation for these 
resu Its. 
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A Theoretical analysis of the short-term 

RECOGNITION MEMORY PERFORMANCE 

The results of the two reported experiments indicate 
that the position of the letter in a graphic pattern is not 
a raajor factor In the utilization of graphic information by 
kindergarten ^children at the beginning of the school year. 
However, the position of the letter in a graphic pattern 
becomes a major factor in pattern recognition be^re the 
children finish their kindergarten year, and begin formal 
reading instruction, and it continues to be ar) important 
factor for first grade subjects. 

The evidence is consistent with the serial encoding 
hypothesis which attributes the e'ffect of letter position 
to the order of encoding and with a limited encodir^g 
hypothesis which attributes incorrect recognition responses 
to a lack of encoded graphic inf ormatipn . %According to 
these hypotheses, judgments of sameness or differenc^^ of 
the C stimuli are sometimes based on incomplete information 
as to the identity of the T stimulus. A priori, if S 
encodes one letter on each trial, on the average four of 
the seven {^7%) D-condition trials should be correctly 
detected. If S encodes two letters, the a priori 
prediction is for an average of six of the seven (87%) 
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D-condition trials to be correctly detected. In E^.periment 
1, the kindergarten childre/i displayed overall correct 
response probabilities for D-condition of 75% for .5 sec. 
ET and Q0% for 3 sec. ET . This observed ' performance is 
less than the performance expected if the subjects 
consistently encoded as many as two letters on each trial. 
An analysis of S's performance should reflect the fact that 
re'sponse decisions are made even when the information 
available about the stimulus is incomplete. Furthermore, 
it should also be noted that the amount of information a 
subject has available may affect his decision. For 
example, an S who knows that two of the letters in the C 
stimulus are in the T stimulus and is unsure of the third 
letter miKht be more likely to respond "same" than 'he would 
if he only knew that one of the letters in the C stimulus 
was the same and is unsure of the other two./ The following 
finaVe state model is an attempt to analyze the children's 
shoj;>l-tern recognition memory performance in terms of four 
psychological processes. Three of these processes 
(encoding, forgetting, and comparison) result in the 
subject being. in one of five possible information states ' 
about the relationship of the Tand C stimuli, and a 
decision process relates^ the information states to a 
specific response. . ' 
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The first task is to set out the performance which the 
model will attempt to describe. The event of presenting 
successively the T stimulus and the C stimulus will be 
represented as Sj^j^ where J=l,2,...,8 and denotes the 
specific relationship of the letters in the stimuli (J=1, 
S-condition; J=2, D-condition I, i.e., initial letter 
distinguishes the T and C stimuli, j = 3, D-condi,tion M; 
J=^, D-condition F; J=5, D-condition IM; j=6, D-condition 
MF; j=7, D-condition IF; and J=8, D-condition IMF.) and 
K=l,2,,..,6 and which*^ denotes the ET x RI condition ^ (k = 2 , 
.5 sec ET and 0 sec RI; k=l, .5 sec ET and 1 sec RI; k=3, 
.5 sec ET and 3 sec RI; k=4, 3 sec ET and 0 sec RI; k=5, 
3 sec ET and 1 sec RI; k=6, 3 sec ET and 3 sec RI). To 
facilitate exposition, presentation of S-condition trials 
will be represented <SSS> with the letter S reflecj^inp 
sameness of letters at the position it occurs. Specific 
D-conditiojn trials will be denoted by the letter D at each 
letter position in which the C stimulus is different from 
the T stimulus. For example, a difference in the stimuli 
in the I letter position will be denoted <DSS>. 

The subject's response will be represented as Rm, 
where m = 1,2 and denotes the responses "same" and 
"different" respectively. The dependent variable is the 
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probability of an Rm -response piven a specific event |^ 
where there are forty-eipht events which can, occur 
(6 stimuli x 6 condi tiona) . The probabilities of the two 
response outcomes as a function of the stimulus event may 
be represented in the following performance matrix: 



1,1 



'2 i 1 



P(R2/St^i) 



for i = 1, 2,..., 8 and k = 1, 2,..., 6 



Since there are ninty-six entries and each row of the 
matrix must sum to one, there are forty-eight independent 
outcomes that the model must adequately describe. 

The proposed model will postulate that three 
psychological processes are involved in the processing of 
the graphic patterns of the T and C stimuli to effect an 
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Information state (1^) which reflects the subject's 
knowledge about the nature of the event.'' A decisional 
process subsequent to the Information state will result in 
the subject's response. 

The subject's first task in the short-term recognition 
memory task is to encode sufficient infornation from the 
graphic pattern to distinguish it from other possible 
graphic patterns. A letter in the graphic pattern will be 
said to be encoded when sufficient information for 
distinguishing it from other possible letters in that 
serial position is processed. The fact that two or more 
letters may be said to be encoded does not imply that they 
are processed equally or that the amount of inforration 
from each is quantitatively or Qualitatively equal,. 

Both exposure time and serial position of letters in 
the graphic pattern have been shown to affect overall 
performance in Experiment \ . Increased ET provides the 
subject wi'th additional tine to examine and encode 
information from the graphic pattern. And, as has already 
been noted, the effect of increased ET is to increase the 
subject's probability of encoding information from the M or 
r letter po'sition. Therefore, it will be assumed that the 
probability of encoding information from a specific letter 
position in a graphic pattern will be a joint function of 
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ET and letter position. The probability of encodinp a 
letter will be represented byBp^t where the subscript p 
refers to the serial position of the letter within the 

Sal / 

graphic pattern and t specifies the exposure time 
condition. Assurninp that the probability of encoding any 
cinple letter is independent of the probability of the 
encoding of o^er letters in the graphic pattern, the 
probability of encoding two or more letters is the Joint 
probability of encoding the individual letters. That is, a 
subject's performance when letter^ in two positions are 
changed is assumed to be predictable from information about 
the subject's likelihood of encoding letters at the 
different serial positions. Any new source of graphic 
information such as relational features between two letters 
would make this asagmption untenable.; If this assumption 
is wrong, parameter estimates for the individual letter 
positions will fail to model subjects' performance when 
more than one letter is changed in the C-stimuli. 

There are eight different combinations of the letj/ers 
at the thre® letter positions which may be encoded or not 
encoded during the presentation of the T stimulus. The 
initial of the letter .at the, specific position (I, M or F) 
will represent the encoding of information at that 
position, while a barred initial (e.g., 1) will be used to 
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represent the lack of information at that letter position. 
Encoding the I letter only would therefore be represented 
as I M The eight possible outcomes of encoding are 

represented as follows: IMF; IMF; IMF; IMF; IKF; IMF; 
iFlF; IMF. 

The information which results in a correctly encoded 
letter must be remembered if it is to be used as the basis 
for a later decision concerning the character of the C 
stimulus. The Ipss of information (forgetting) from a 
previously er>coded stimulus may result in the information 
no longer being able to be used to differentiate among 
stimuli . 

Under 'these conditions the item will be said to be 
forgotten. Forgetting may be due to interfering encoding 
processes, decay over the \etention interval, or 
interference due to comparison of the remembered 
information with the C stimulus. These sources of 
forgetting will not be distinguished by. the model. It will 
be assumed in the model that both serial position and 
retention interval will affect the memory and therefore the 
forgetting of encoded information. The probability of 
remembering a letter may then be represented as fn where 
p represents the serial position of the letter and i the 
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retention interval. Therefore, l-fp^i equals the 
probability of forgetting the letter. 

The information from letters encoded and remembered 
serve as the basis for the comparison process. It will be 
assumed in this analysis that if a child has information 
about the graphic pattern at any letter position, he will 
always note the similarities and differences between the T 
stimulus and the C stimulus at that position. The 
comparison process is assumed to be infallible whenever 
encoded information is available. 

The result of encoding, renembering and comparing the 
stimuli is assumed to be one and only one of five 
information states (Ii, I2, ,,,, I5). Information state 
II corresponds to a subject's knowing t*hat the T stimulus 
is identical to the C stimulus at all three letter 
positions. Information 'state I2 corresponds to a subject's 
knowing that the T stimulus is different, than the C 
stimulus at one or more letter positions. When the subject 
knows only that two of the letters in the T stimulus are 
identical to those in the C stimulus, he is assumed to be 
uncertain as to the nature of the stimuli and is in 
information state I3. Information state In occurs when the 
subject knows only thatone of the letter positions in the 
T and C stimuli is identical. Finally, when the subject 
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has no information as to the similarity of th^) s timu li , it 
will be assumed that he is in a pure puessinpJ state , I5 . 

It is not assumed that the same information st^te 
necessarily occurs whenever a given stimulus is presented, 
but rather that the state is determined by a probabilistic 
process . 

The proba]Di li ties for the outcomes of the various stimulus 
conditions are represented in the followinf^ stochastic 
matrix: 



v./ 



1 

1 , 1 

2,1 




I 

2 


^3 

'<\ 


, \ 
1,1 


I' 

5 

1,1 


^2, 1 


<\ 




V2, 1 


(2) 






0.(5) 



J 



(1) 

where Crj,k dent^rTes the probability of information state 
li piven stimulus event Sj^j^. Since inf orjna tion state I1, 

can occur only for S-condition trials (Si 1 Si o 

1,1, 1 , ^ , • • • > 



G3 



50 • 



ERJC 



^1^5), and information state cannot occur on these 

trials, these prior constraints may be made: 



^(i) _ 0 when i = 1 and J i 1 
^J,k ~ 0 when i = 2 and 'i - 1 



Furthermore, since information states I3 and Ii^ require 
that the subject knows that the T and C stimuli share ^two 
letters and one letter respectively, we can further state 



iy(i) ^ 0 when i = 3 and J > 5 
,k 0 when x - and J = 8 



since Sj^j^ involves only one identical letter in the 

timuli when < j < 8 (i.e., <DDS>, <SDD>, and <DSD>) and 
Sj^l^ involves no identical letters when j = 8 (e.p., 
<DDD>). The value of j ^ for the oth^r entries in the 
matrix can be computed by ascertainin"^ the probabilities of 
the encodinp and remembering events which result in 
sufficient conditions • for the five information states. The 
probability that S is in information state I ■, ^ followinp a 
S-condition trial, is the joint probability that all three 
letters are encoded and remembered under the particular ET 
X Rl-condi tion . 

(1) 



s 



)] 



tP(C3,,)P(r3^.)] 
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The probability that the S is in information state I2 
following a D-condition trial is the probability that the S 
encodes and remembers at least one of the differentiating 
letters. For example the outcome of presenting S5 
(<DDS>) may be any of the eight dif'ferent combinations of 
encoded information: IMF; IMF; IMP; IMF; IMF; IMF; 
IRF; and IMF., But the probability of any one of these 
outcomes is the sum of the probabilities of the several 
encoding-forgetting combinations which might produce it 
(cf. Figurie 3). Therefore the probability that the S will 
be in information state I2- following <DDS> will be equal 
to the sum of the following probabilities: (a) the 
probability the S encodes and remembers only the I letter 
or the M letter, (b) the probability the subject encodes 
bot^h the I and M letter and remembers the I letter, the M 
letter or both, (c) the probability the subject encodes 
bQth the I and F letters and remembers the I letter or 
both, (d) the probability the subject encodes both the M 
and F letters and remembers the M letter or both, (e) the 
probability the subject encodes all three letters and 
remembers that I letter, M letter, both I and M letters or 
all three. Table 5 gives the equation for the estimated 
values for C7j,i< in terms of Bp.t and Tp , i . 
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The decision process which relates the five 
information states of the subject with the set of overt 
responses "same" (Ri) and "different" (R2) is quite 
simple. If we assume that the subject responds "same" with 
a probability of 1 when in I -| and "different" with a 
probability of I'when in I2, we may represent the decision 
process with the following matrix: 
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1-8, 




82 
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83 
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where 1^ is the probability of eliciting R-] piven 
in formation state 1^ . 
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5^ = 1 when i = 1 
0 when 1=2 



The probability of respondinp "same" on. stinulus event 

Sj^l^ is given in the following .equation 

*■ » 

"i = ^i^j.k "^2a'i,k '^03o;i,k "diiaj.k "^5 0"j,k 



The probability of respondinp; "Drfferent" is equal to 
l-P(Rl). 

As indicated earlier, W-j^k represents the probability 

of the of the S's being i'n information state Ij^ following 

stimulus event S^^j^ under exposure time, retention interval 

conditions k'and 8i reflects decision parameters. By 

substituting the equivalent equation in terms of encoding 

> (i) 

and remembering, parameters for CTi^k we can develop a 
series of linear equations in terms oT ^ (where p = 1, 

2, 3 and t = 1, 2), f^^^ where p 1, 2, 3 and i = 1, 2, 3) 
and 5rn (when n = 1,2,... ,5) . Since the values of .are 
fixed -Tor m = 1 and 2, we have a total of I8 parameters 
which must be estimated. The parameters may be estimated 
using the method of least squares (Atkinson, Bowers and 
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Crothers, 1965). The values of the parameters are selected 
so that they minimize thfe ^'sum of the squared deviation? 
between predicted and observed values of the performance 
matrix. ^ 

The subroutine Stepit (Chandler, 1965) was used to 
estimate the values of the eiphteen variables in the model 
which rfesult in the m'inimum deviation between the 
forty-eipht observed and predicted functions. The only 
restrictions imposed on the possible values of the 
variables dealt with the forgetting parameter. The 
probability of remembering information and thus not having 
a correctly encoded iten at time t was assumed to be equal 
to or greater than the probability at time t + 1. This 
assumes that there is no consolidation process during the 
retention interval affecting subjects pe^r f ormance . 
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Results and Discussion 

The parameter estimates for the encoding, forgetting 
and decisional variables are presented in Tables 6-6 
respectively. These parameters were used to generate the 
predicted probability of a correct response for each ET x 
RI X Pos-condit ion . An examination of the observed and 
pred*icted probabilities (Figures 4-15) shows that a close 
approximation has been achieved for both the kindergarten . 
and first grade groups. The average deviation between the 
oljserved and predicted values was 4.6% and 3.6% for the 
kin^lergarteh and first' grade groups ..-respectively . 

The projbability o|* ' correct response as a function 
of the major factors in the experiment were estimated from, 
the model. The predicted values of a correct response as a 
function of ET collafjsed over RI x Pos-condi tions were 
^ witjain 1% of" the observed values, while the predicted 

values of a correct response as a function of RI collapsed 
over ET x Pos cond.itiona ranged from \% to 4% from the 
observed values with a modal difference of 1% (cf. Tables 
9 & 10). Pos-condi tions were estimated within 3% of their 
observed values with an average deviation of .5% (cf! 
Table 11). Thus, the model can be seen to closely mirror 
the observed performance. 
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It may be assumed that the variance between the 
observed and predicted values is due to subject variability 
and J^he effects of any factors not adequately accounted for 
by the model, Osinp th^ within-cell variability of the 
highest order interaction from the analysis of variance as 
the best estimate of the random error attributable to 
subjects, the variance of the observed and predicted scores 
was evaluated as an F-ratlo.. The predicted values of the 
model were riot sip-^ificantly different from the observed 
values despite the power of the test (F(60,648) = 1.137, p 
> .20) . 

Havinp established that the model fits the observed 
p^rfor^Tti^nce reasonably well, the specific information from 
the model may now be examined. In the previous analysis of 
Experiment 1, the effect of ET was shown to interact with 
Pos-condi tion . The parameter estimates of the model 
indicate that the likelihqod of encoding graphic 
information from the initial letter position does not 

■Si 

increase with an increase in ET while the likel ihood of 
encoding the middle and final letters does {^0% and 9% for 
the middle and final letter positions respeci^ vely ) . This 
is consistent with the hypothesis that the initial letter 
is encoded prior to the other letters. Increased ET is 
used to encode information not previously encoded. 
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Further support of this view comes from the estimated 

* 

probability that a-subject will have 0-3 letters in memory 
at the time of the comparison process. These data are 
derivable from the parameter estimates and indicate that 
the. increased ET results in an increased probability that 
subjects will have more information on which to make the 
comparison (Table 12). Forexample, in -the kindergarten" 
group the increased ET results in a 3% increase in the ' - 
probability that two and three letters will be available 
for comparison, and a 2% ^nd 8% decrease in the probability 
that zero and 1 letters will be available for comparison-. 

While these data are consistent witl^the serial 
encoding hypothesis, the absolute size of the ET effect is 
astonishingly small. The average number of letters 
available at the 0 sec. RI may be estimated from. the 
estimates of Table 12. At the .5 sec ET, the kindergarten 
group is estimated to remember on the average VIS^ letters 
per trial. The increased ET results in -Bn estimate of 1.46 
let.ters-per trial, an average increase' of , a little mo^e 
than 1 letter every ten trials. The first-grade group 
showed a similar increase in the average -number of letters 
remembered with Increased ET (2.19, to 2.^3 letters per 
trial). The lack of a dramatic difference in the encoding 
as a function of ET may indicate that the cRcoding 

* 
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processes are not greatly affected by the increased 
examination time because of possible lir^itations in memory 
capacity. . ' - 

In the analysis of "Experiment 1 a RI x Pos'-condi tion 
interaction was noted. The parameter estimates of 
forgetting (cf. T-able 8) indicate that forgetting is nuch 
more likely to occur with information from the initial 
letter position as a function of increasing RI and H% 

for the largest RI for the kindergarten and first grade 
groups respectively). Little or no forgetting occurs for 
the middle and final letter position^ as a function of RI . 
If the graphic information from the middle and final letter, 
positions is assumed to be encoded subsequent to that of 
the initial letter as in the serial encoding hypothesis, 
then their encoding may interfere with the storage of 
information from the initial letter position (Massaro, 
1970). Since the compa^rison process is based "on the 
encoded and remembered inf orfnat ion , the estimated 
probabilities of encoding and remembering information from 
the various letter positions may be used to illustrate 
results of the encoding and remembering processes (of. 
Table 13). Only information from the initial letter Pos is 
not noticeably affected by increasing ^ the ET. Furthermore, 
the initial letter position is the only one which is 
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noticeably affected by increasing the RI. The probability 
of not having information from the initial letter position 
is 12.5% greater at the 3 sec. RI than at the 0 sec. RI 
for the kindergarten group and 2.5% greater for the first 
grade group. The encoding and remembering processes 
together indicate that the final letter position is more 
likely to be both encoded and remembered than the middle 
letter position (30% vs. H3% for the kindergarten group 
and 61% vs. 70% for the first grade) and the initial 
letter position is clearly superior to them both (6l% and 
90% for the kindergarten and first 'grade group 
respectively) . 

An examination of the parameter estimates of the 

< 

decision process indicates that the amount of information a 
subject is assumed to have concerning the similarity of the 
stimuli does in fact affect the response probabilities (cf. 
Table 8). The estimated probability of responding 
"different" when two letters are known to be identical is 
d rama t ica 1 ly less than the probability of \^espond ing 
"different" when no similarity information is available (2% 
vs. 88% for the kindergarten group and 20% vs. 57%^for 
the first grade group). This is a clear indication that 
subjects do not just guess when they are unsure of the 
correctness of their responses. 
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In the model, the e5timated probability of a correct 

response as a function of the total number of letters, 

encoded is determined when the parameter estimates for the 

three information states l^ and I5 are set. Table 14 

presents the estimated probabilities of a correct response 

as a function of the number of letters rememembered for 

both prade levels. The estimates are logical; the more 

letters which the sub ject remembers , the more likely the 

subject is to be correct. This may be attributed to, two 

r 

factors. The more letters a subject encodes, the more 
likely he will detect a difference in a D-cond4tion trial. 
Furthermore, the likelihood of a correct response when the 
subject is in an uncertain information s ta t ^re f lec t s the 
amount of information he has;-^'"re^. Table 15). The'more 
information available as to the similarity of the stimuli, 
the more likely the subject is to make the correct- 
response. While the ' decision strategies may not 
maximize their performance, the performance itself is 
reasonabl^e. • This is one reason why the decision bias of 
I/4 for the first grade group may not be higher than it is. 
A greater probability of responding "different" would have 
lead to, better overall performance.^ But the children would 
be aware only of the fact that they are more likely to be 
right when they have more graphi'c information, and thi<^ is 
a reasonable expectation. 
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SUMMARY AND CONCLUSIONS 

This study has demonstrated that thfe child entering 
kindergarten is unlikely to display a consistent patterning 
in processing a graphic pattern. There was no evidence 
that the initial letter was utilized more often than the 
final letter in a short-term recognition memory task. This 
result is consistent with Williams et aj,. ( 1970) who 
tested kindergarten children prior to letter recognition 
instruction and found no letter position' bias in Judging 
the similarity of graphic patterns sharing a letter. 

There was no evidence that the kinder^gar ten child was 
able to alter his mWhod of processing the graphic patterns 
to improve his score. It has been pointed out by Calfee et 
aj^. ( 1972) that careful instructions and feedback often 
reduce the overall variability and improve children's 
performance on visual discrimination tasks, De spite 
continuous feedback, there was no improvement in 
performance from the first to the second day of 'Experimd^t 
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By the end of the kindergarten year the saliency of 
the initial letter position in the processing of a graphic 
pattern is demonstrated by the kindergarten group. The 
combined probability of a correct response from both same 
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trials and different trials in which the initial letter is 
chanped (I condition) was .81 and frorn both same trials and 
different trials in which the final letter is changed' (F 
condition) .73, a significant difference (p < .01). 
Recognition of a change of both the middle and final letter 
(MF condition) did not occur as often as in I condition 
(.78 vs. .81), though the difference was not significant. 
That is, the child is as likely to notice the change in the 
initial letter as he is to notice the difference caused by 
changing the middle and final letters.. 

A number of the activities of the kindergarten class 
night be named as possible contributors to this result. 
There are two types of activities which I have observed in 
kindergarten classrooms which might influence the child's • 
processing strategy: (1) activities which focus on the 
initial, letter of a word such as searching for the words 
beginning with a specific letter on a work sheet or in a 
magazine; (2) activities which focus on the left-to-right 
progression of letters in a graphic pattern such as writing 
one's name or copying words. Both types of activities are 
intended to make the child aware of aspects of the concept 
of a word. I.e., the beginning letter of a word and the 
im,portance of sequence in identifying and writing words. 

I- 

-1^ 
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The performance of the first gracfi^ proup is 
interesting primarily for two reasons. First, the saliency 
of the initial letter is demonstrable at the end of the 
year after the children have been readinp for some months. 
The effect is just as strong as in the kindergarten (I vs. 
F condition, vs. 73/^ at the end of kindergarten and 

92? vs. 85% at the end of the first grade). This result 
is not an artifact of averaging performance data over 
subjects. Only one first grade child made more errors on 
<DSS> trials than on <SSD> trials, and nine children were 
equally likely to make errors on each type of trial. Eight 
of these nine children were consistently correct in the 
recognition of a V^hange at any letter position (855^ correct 
or better). Therefore, these children may not be 
demonstrating an effect of letter position because of a 
ceiling effect: even if there are processing differences, 
with -a* celling effect error data no longer distinguish 
among possible levels of processing performance. It would 
be interesting t.o use a conver^gent measurement such^jl . 
reaction time to determine whether there is a processing 
time difference associated with letter position. | 

Second, unlike many of the visual discrimination tasks 
which children ar;g likely to have mastered by the end of . 
the first grade, 50 per cent of the first grade group is 
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unable to consistently recopnize a chanpe of a single 
letter on a different trial (85% correct or better), and 
over 21 percent of the children in the first prade proup 
did not recopnize over 70 percent of such trials. While 
broad implications cannot be drawn from the performance of 
the children sampled from one school system, the data 
suppest that a significantly larpe population of children 
have trouble with this praphic processinp task. 

A post hoc analysis of the rank order correlation 
between an achievement test (Stanford Primary, Form *X) 
administered by the school at the eVid of the first grade 
and children's overfall recognition performance score 
resulted in a correlation of .62, suppestinp that 
recopnition skill of the type tested in these experiments 
might be^important in understanding aspects of the overall 
reading perf ormance . 

A number of other areas of investigation are suggested 
as possible extensions of this study. If a child 'is 
limited in the amount of graphic information Tvhich can be 
utilized following a single presentation, then the, role of 
repeated identification trials on the encoding of graphic 
patterns deserves further attention. , It was noted earlier 

K 

in the paper that. Berry ei aj,. ( 1 97 1 ) reported an "increase 
in the ability of a child to use praphic in-formption. from 

78 
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all parts of a praphic pattern as a function of 
overlearninp trials (trials subsfeauent to perfect 
performance). La Berge and Samuels (1974) have 
demonstrated that correct performance is often not a 
sensitive measuremen t of level of learning. There is a 
need for a clear demonstartion of whether or not the task 
demands of more graphic information in order to recognize 
or identify a word change the rate or character of what is 
learned. That^H^s, w.e need to see whether or not the 
probability of beinK^ble to utilize information from 
different letter positions during the course of learning is 
affected by the experimental manipulation of the graphic 
similarity of the set of items to be learned. 

While the utilization of graphic informatj.on from the 
initial position has been established, the character of^the 
information was not considered in this study. The graphic 
pattern is the source of the information used in the, 
recognition tasks, but the information" may be either the 
visual characteristics of the graphic pattern or the 
alphabetic names of the letters. A few children in the 
first grade overtly named the lett^'s^in the graphic 
pattern. However, if most of the children are using the 
physical characteristics of the' pattern as the basis of 
recognition, ou/ results should not be preatly disrupted in 
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» < 

a similar- experiment^ with letter-like forms like those used 

by Gibson ^ .al. (1962)/ Since there" had been* some 

disagreement ov^r'^the strength of* the habit of processinp 

»* 

the^_initial or left-Tnost part^of a pattern with 
non-alphabetic material (Gh^n t-firBine , 1968), these 
questions could be further cla>ified by examining the 
effect of position with non-alphabet 'ic material. 

A final area of investigation strongly suggested by 
this study is a c,hild's decision strategy. A finite state 
model was proposed to describe the -overaii data in terms ,of 
psycholo'gical processes. An encoding process, a < \' 
remembering-forgetting process, a comparison pro*ces,s and 'a 
decision process were postulated. Th^ data was well " ^ 
described by the model in terms of the probability of 
encoding a letter^ as a fun-ction of its position and 
exposure time, the probability of forgetting an encoded 
letter as a function of position and retention interval, 
and the probability of making a response based upon the 
encoded and remembered iaf orma tion . 

One aspect of the model which is not -readily apparent 
from the traditional analysis is the compar;Lson and 
decision processes. It is assumed that the encoded and 
remembered information from the T presentation is compared 
to the C stimulus. The results of the comparison are ^ 

. 80 
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described In terms of the child's knovledpe about the 
nature of the event; the two\stimuli are known to be fhe 
same if all of the letters are encoded and remembered from 
the T stimulus; the two stimuli ^are known to be different 
^if any one letter which 'is remembered is different from' the 
letter io the same position in the C stimulus; otherwise 
^t he 'child is uncertain. The model estimated the 
probabilities that the child will reply -"different" if he 
knows that two, one, or none of the letters are common to 
bo th, s t imu 1 i . Accordinp to the best fit of the model, the 
child is more likely to respond "different" if he knows 
none of the letters than if he knows that two of the • 
letters are the sane. ' , 

The use of such decision strategies by children is 
relatively unexplored. Since the use of partial graphic 

r 

information seems to characterize much of the child's early 
reading performance, it certainly deserves attention. 
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• Table 2 " . 

The Probability of a Correct Response as 
Function of Exposure Tine and l^etention 
Interval for^Each Grade 



neuenu!).on 

Interval 

(•Seconds) 


Exposure Time 
(Seconds) 


- 


.5 


3 


.0 




Kindergarten 


C 


.79 






.82 




..79 






.80 


3 








.77 




First 


0 


.86 






.91 


1 


.86 






.91 




.6? 






.90 



1 



Table 3 * 

The Probability of a Correct Response as a 
Function oi" Position Condition and Grade Level 

in Experiment 1 



Grade 


Posi-tion 




I 




F 


■ IM 


MP 


IF 


IMF 


K 


.61 . 


".67 


.73 


.80 , 


.11 


.&3 


.88 


.F 


.,92 


.79 ■ 


.&.5 


.93 


.8S 


.93 •■ 


.93 



) 



r 



,. Table ^ 

Point Estimation of Sipnificant Sources 
of Variance in Experirent 1 



Sdurce Erti'mated Cize 



■J- 

Grade (G) 


.33^ 


Exposure Tipe (ET) 


. 03 1 ' 


Retention Interval (RI) 


.060 


Position (Pos) 


1 :312 


ET X Pos 


. 109 


RI X Pos • 


.101 
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Table 5 

The Probability Equations for o^^]. in 

Terms of the Prob^ability of Encoding (e ), and 

P r t 

Remeinbering (r .) Graphic Information 
p, 1 ^ 

For any ET x RI Condition K 
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Tdblc ') 



l,k 



[P(e^^^)P(r^^.)] . [P(e2,,)P(r2^.)] 



,(2) 



1,1c 



[P(e,^^)P(r^^.)] . [P(e2,^)P(r2^. 
[P(e^^^)P(r^^.)] . [P(e2,,)P(r2^. 



] . [Pd-e^^^) ] + 

] • [Pd-e^^^) ] + 

] . [P(l-e2^^) ] + 

] . [P(e3^^)P(l-r3^.)] . 

.)]-. [P(e3^,)P(r3^.)] . 



l,k 



(P(e2^^)P(r2^^) ] • [P(l-e^^^)] . [P(l-e3 ^) ] 
[P(e3^^)P(r3^^) ] . [P(l-e^ ^) ] . [P(l 
[P(e^^^)P(r^^.)] . [P(e2,t)P(l-r2,i 



[P(e2^^)P(e2;i)] • [P (33 ^.^) P (l.r3^ . 



'P^^2,t^P(l--2,i/l • fP(^3,t^Pf-3,i 
(P(e^^^)P(l-r^^.)] . [P(e2^^)P(l-r2^.)] . [ P (83 ^ ^) P ( r 3 ^ . ) 1 



-2,t)' ' 



. [P(l-e3^,) 
. [P(l-e3,,) 
. [P(l-e2,t) 



. [Pd-e^^^) 
• [P(l-l,t) 
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Table 5 



1,1 



(P(l-e^^^)] . (P(l-e2 ,.)] . [P(l-e3^^)] + 
(P(e, ,)P(l-r 



l.t" 'l,i 
[P(e- ,)P(l-r 



•2,t' 



2,i 



tP<^,t)^<^-^l,i 

[P(e^^^)PU-r^ , 
tP<^,t)^<l-^l,i 



. [Pd-e^^^) 1 • [P(l-e3^^) ] + 

. [P(e2,t)P(l-^2,i)l • tP<l-^3,t)l ^ 
. [P(e3^^)P(l-r3^.)-] . [P(l-e,^,)] + 

. [P(e3^^)P(l-r3 .>] . [P(l-e2,,)] + 

. [P(e2,t)P<l-^2,i)l • tP<^3,t)P<l-^3,i>l 
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Table 5 



J,K 

V'J,K 



= 0 



J,K 



P(e^^^)P(r^^.)] 
P(e^^^)P(r^^.)] 
P(e^^^)P(r^^.)] 
P{e,^^)P(r^^.),] 
P{eJ^^)P(r^^.)) 



[P(l-e2^^) ] . [P(l-e3^^) ) + 
[P(e2^^)P(r2^.)] . [P(l-e3^^)) + 

[P(e2^^)P(r2^.)) . (P ^ ^ ) P ^ . ) ) 

fP^^2,t'P('^2,i)J • tP(^3U'''^'-^3,i)l ^ 
fP^^2,t'P(l-^2,i?l • fP(^3,t'P(^3,i51 ^ 
fP'^^2,t)P(l--2,i'l • fP(^3,t)P(l--3,i)l, 



P(e2^^)P(r2^.)] . [P (e3^ ^) P (r3^ . ) ) . [P(l-e^^^)l . 

P(e JPCl-r )) . (P(e, JP{r, , 
P(e2^^)P(r^^.)) . [P(e3^,)P(l-r3^, 

P^^2,t)P(l--2,i)' •/P^^3,t'^^^3,i 



1 • tP^l-e^^t)) + 



] V'[Pte3^^)P(l-r3^.)) . 
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Table 5 



• Where J = 2, 3, 4 

- ^ • 
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Table 5 



(1) > 



j;k 

,(2) 



= 0 



[P(l-e2^^) ] . [Pd-e^' ^) ] + 
■[P(l-e,;^M . [P(l-e3.^,)] . 

[P(e2^^)P(l-r2 .-)] • [P(l-e3^^)l ^ 



^^'^3,t'^'l-^3,i^' • ^P'l-«3,t'' " 
[P(e2;,)P(r2^.)I . [P ^ ,) P ^ . ) ] + 

[P(e2^^)PU-r2^^)l . [P(e3^^.)P(^-r3^.)] + 





[P(e^^^)P(r^^,)] . 


[P(e2^^)P(r2^.)] . 


^^'«3,t'P'l-^3,i)l ^ 






• ^^'«2,t'^'^2,i)' 


. [P(e3;^)P(l-r3^.)] . 






^^'^2,t'^'l-^2,i'' 


' ^^'«3,t'^'l--3,i'' 












= ^P'«3,t'^'^3,i'L- 


[P(l-e^ ] . [P(l- 






^^'^3,t'^'-3,i\' • 




. [P(l-e2,^)] + 




[P(e3^^)P(r3 ,)] . 


^^'«2,t)P'l--2,i'' 






[P(e3^^)P(r3 ,)] . 




. [P(e2,t)P(l-^2,i)l ' 



Table 

m 

_ -(5) ^ 
^J,K - ^1,1 

Where J = 5, 6, 7 
t 

„(2) _ 1 _ o(5) 
^J,K - ^ ^8,1 

- n * 
_ „(5) 

Where J = 8 
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Table C 

Fnraneter LJrtirratee of b.nclodinp Graphic 

Infer ration ar> a F unction ol Position 
and Exposure Tine for each Grade Level 
in Experiment 1 



Expor>u re 
Time 


Position of Letter 


( Secondr > 


Initial 


Iliddle 


Final 




Kinderparten Group '. 


t 


.let 


. ^0^ 


. ^89 








• 




F'jrrt Grade Group 




r 


.019 


.661 


.760 

* 


3-.0 


. QC7 


.707 


.8f 5 
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j Table 7 ' 
Parameter Estimate? of the Probability of 
' For^ettinp Initial, Middle, and Final 
• Letters as a Function of Retention 
Intervals for both Grade Levels in Eyp^rirent 1 




Retention 
Int-er va 1 
(Seconds) 


Po?i,tion of Letter 


Ini tial_ 


Middle 


Final 




, Kin-derpa rten Group 


0 • . 




.018'- 


.356 


0.0,00 


1 




. 09.0 


. 356 


0 . OQC 


' 3- 




' .202 


• . 356 • . - 


.159 






First 


Grade Group. 


0 




' . 001 


. 118 


. 095 


1 




.012 


.118 


.095 


• 3 




.039 


. 118 


.095 



r 




Table 8 ' 

Parameter Estimate of the Prohc^bility of 
6^espondinp "Different" as a Function of 
Information State for Kinderp'arten and First 
Grad^ Groups in Experirent 1 



Information' 


Grade 


Level 


State. ^ ^ 


Kinderparten 


1 ^ 

First 


■ T ' 


.000 


.000 


Is' 


1 .000 


' 1 .000 




.020 


.213 


. ■ ^ 


' . 172 


.076 •• 




.68^4. 


.571 A 



> These values are set by the assumptions of 
the model' 
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Table 9 



The Estimated and Observed Probability of^ 



Correct Response -as a Function of Exposure 
Time for eaoh Grade Level in Experimerit 1 



.J 



Exposure 
Time 

(Second? ) 



Grade Level 



Kinderparten Group 




First Grade Group 




84 . ' . 

Table 10 

The Er^tirated and Observed Probability of a 
^ Correct Response as a Function of Retention 
Interval for each Grade Level in Experiment 1 



i 

Retention 
In terva 1 


Grade 


— 1 

Level 




(Seconds ) 


Kinder garten Group 




r 

Observed 


Predicted 


Nil 

0 


.81 


.79 




1 


.80 


, .78 




3 . 


.76 


.76 


1 




First Grade Group 




Observed 


• Predictied 


0 


■.go 


.89 




1 

« 


.90 


.89 




3 


.87 ■ 


.88 
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Table 11 . ' 

The Estimated and Observed Probability of a 
Correct Response as a Function of 
Pos-condi t i on for each' Grade Level in Experiment 1 



Pos 



<SSS> 
<DSS> 
'<SDS> 
^ <SSD> 
.<DDS> 
<'SPD> 
<DSD> 
<DDD> 



Kinderparten Group 



Ob'served 



Predicted 



.79 
.80 
.5^ 
.62 
.85 
.76 
.93 
.94 



,80 
,80 
. 5 ^ 
,63 
.82 

.75 
.92 
.97 



_First Grade Group 



<sss> 


.90 


.90 


<DSS> 


" .94 


^.94 

C 

.7C 


<SD£> 


.70 


<SSD> 


."80 . 


.80 


<DDS>. 


.95 


.95 


<SDD> 


.87. 


.87 


<DSD> 


.96 


..96 


<DDP> 


' .97 


.97 
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Table 12 

Probability of Number of^ Letters Estimated in 
Memory for Comparison as a Function of Exposure 
Time' x Retention Interval Condition for each 



Grade in Experiment 1 



Number of 














Letters 




ET X 


RI (Seconds) 








.5,0 


.5,1 


.5,3 


, 3,0 . . 


3,1 


3,3 






Kindergarten 


Group 






3 


.07 


. .07 


.05 


. 1 1 


. 10 


.^7- 


2 




.3^ 


.27 • 


.37 ■ 


.36 


.31. 


1 




. 145 


.146 


.140 


.140 


.43 


0 




. 16 


.22 


f2 


.114 


.19 






First Grade 


Group- 






3 


.37 


.36 


.35 


.1414 


.43 


.142 




1 .146 


.146 


' .146 


.1414 


. 1414 


.1414 


1 


. 16 


. J6 


,. 17 


. 12' 


. 12 


. 13 


0 


.01 


. 02 


.02 - 


.01 • 


.01 


.01 



^ Table 13 
Estimated Probabilities of Encodinp and 
Rerr^emberinp a Letter as a Function of Exposure 
Time, x Retention Interval Condition for each 

Grade Level in Experiment 1 \ 

s , 

\ 





jLetter Position 




RI 














( Seconds ) 


Initial 


Middle 




Final 


None 




J ■ Kinderp'arten Group 


.5 


0. 


■ ' .695 




.260 




.. 389 


. 1 38 




1 . 






.260 




.389 


. 161 


.5 


3 . 


.565 




.260 ■ 




-.389 . 


'.217 


3.C 


0. 


.6^43 




. ^"^7 






. 123 


?.c 


1 . 


.^^96 




'.3^7 




. 


. 140 


3.0 


3. 


.522 




.357 




.i^6i^ 


. 187 




First Grade Group 


. .5 


G. 


• .919 




- .583 




^.686 


.011 


.5 


1 . 


.908 




.583 




.686 


.013 


. 5- 


3. 


.885 




.583 




. 686 


.013 


3.C 


0 . 


.907 




.62i4 




.724 


. 008 


3.0" 


1 . 


.897 




.62-i^ 




.724 


.010 


3'.0 


3. 


' .87^^ 




.62i^ 




.724 


.011 



lOi . 
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Table U 

Estimated Probability of Correct Response 

as a Function of Letters Encoded and 
Remembered for each Grade Level in Experiment 1 



Number of 
Letters 


(jrade Level 




. • Ki^erparten Group 


3 


• ' 1.000* 


2- 


. 920 


1 


.740 ' 


0 


.500 




First Grade Group 


3 


1 .000* 


» 1 


. • .837 

.765 ^ 


0 


.500 



assumption of model 



/ 

102 



Table 15 

Estirated Probability of a Correct 'Hesponre 

a Function of Nurrber of Letters Encoded and 
Renembered for each Grade LeVel in Experiment 1 





Information 
State 



G.rade Level 




assumption of model 



I 



FRir 



3^ Figure 1 



Pet^ce^t^A^^-jOf^ correct responses .collapsed over 
judgment tyt^^^'^^^r;^ Ppsi t ion (Pos) conditions as 
function of EVpo^'i^a^tw;^^^^ Experiment 1. 



J 



Each data. point is the arithmetic mea^ of 56 
S? X 24 item? = 13^4 observations. 



Figure 2 



Percentage of correct responses collapsed over 
Judgment type for Pos conditions as a function 
of Retention Interval for Experiment 1. ^ 



1/ 



Each data point is the asrithmetic mean of 56 
Ss X 16 items = 896 observat i.ons . 



lOti 



Figure' 3 



Possiblie events in encoding and /remembering 
a three letter stimulus in, the short-term 
recognition memory model. 
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^1 2 3 



IMF 
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-r^) * (1- 
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• . (1- 
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• <l-r3) 




(1-r^) 






r^V.(l 


-r^) . r3 
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. (1-3) 
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Figure ^1 

Predicted and observed correct response probabilit\ies 
for Same-canditipn and Different-conditions at .5 \ 
*sec. Exposure Time and 0 sec. Retention Interval ^ 
for the Kindergar'ten Group in .Experiment 1/ 

■ \ \ . . ' 



Each observed -data point under condition ^ <SSS> is 
the arithmetic mean pf 28 ^s x 28 items = 78^ 
observations;' all other observed data points are ^ 
the arithmetic means of 28 Ss x ^ items = 112 
observations . 
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Figure 5 



Predicted and /Observed ^correct response probabilities 
for Same-coni^l t ion and Di-f f eren t-condi t ions at .5 - 
sec. Exposure Time and 1 sec. Retention- Interval 'for 
the Kinderparten Group in Experiment 1 . . - 



Eaoh observed data point und^r condition <SSS> is 
the arithmetic mean of 28 Ss x 28 items = 78M 
observations; all other observed data points *are 
^the arithfyietlc means of 28 Ss x M items = 112 ^ 
observations. 
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Figure 6 



♦Predict^c' and observed correct' response probabilities 

for Same-condition and Dif ^rent-conditions at .5 

sec. Exposure Time and 3 se6. Ret^ention Interval fpr 

the Kinderftarten Group in Experiment 1 . 



V 



Each observed data point under condition <SSS> is 
the arithmetic mean of 28 Ss x 28 items = 78^1 
observations; all other observed data points are 
the a.rithmetic me'^ahs of 28 Ss x i| items = 112 
observations . 
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Fipure 7 



Predicted and observeti correct response probabilities 
^or Same-condition and Different-conditions at 3.0 
sec. Exposure Time and t Sec. Retention ;^nterval for 
the Kinderparten Group-^in Experiment 1 . 



Each observed data point under condition <SSS> is 

the arithmetic mean of 28 S? x 28 items = 78^ 

observations; all other observed data points are 

the arithmetic means of 28 Ss x ^ items => 112 ^ • . 

observations. 
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Fipure 8 



Predicted and observed correct response probabilities 
for Same-condition and Dif f erent-condiJfefions .at 3.0 gesc.. 
Exposure Time and 1 sec. Retention Interval for the * 
Kindyergar^ten Group in Experiment 1 . 



Each observed data ^oint under condition <SSS> is 
the arithmetic meaft of 28 Ss x 28 items = 784 - 
observations; all other observed data points are 
the arithmetic means of 28 Ss x 4 items =112 
observations. ^ 
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Figure 9 



Predicted and observed correct response probabilities 
for Same-conditi'on and Different-conditions at 3.0 
sec. Exposure T^me and 3.0 sec Retention. Interval for 
the • Kindergarten Group in Experiment 1. 



Each observed data point under condition <SSS> is 
the arithmetic mean of 28 Ss x 28 items = 784 
observations; all other obsi^rved data points are 
the arithmetic means of 28 x 4 items = 112 
observations . 
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Figure 10 



Predicted and 'observed correct response probabilities 
for Same-condition and Dif f erent-conditiort at .5 sec. 
Exposure Time and 0 sec. Retention Interval for the 
First Grade Group iY\ ExperimeVit 1. 




Each observed data point under condition <SSS> is 
the arithmetic mean of 28 Ss x 28 items = 784 
observations; all other observed daliB poipts are 
the arithmetic means of 28 Ss x H items = lJ-2 
observations. 
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Figure 11 



Predicted and observed correct response probabilities 
for Same-cond'ition and Dif f f=^rf=^nt-condition at .5 sec. 
Exposure Time and 1 sec. Retention Interval for the 



First Grade Group in Experiment 1 



Each observed data point under condition <SSS> is 
the arithmetic mean of 26 Ss x 28 items = 784 
observations; all other observed data points are 
the arithmetic means of 28 Ss of 4 items = 112 
observatior^. 
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Figure 12 



Predicted and observed correct response probabilities 
for Sane-condition and Different-conditions at .5 sec. 
Exposure Time and 3 sec. Retention Interval for the . 
First Grade Group in Experiment 1 . 



Each observed data point under conditi'on <SSS> is 
the arithmetic mean of 28 Ss x 28 items = 784 
observations; all other observed data points are 
the arithmetic means of 28 Ss of 4 items = 112 
observations . 
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Fipure 13 



Predicted and observed correct response probabilities 
for Same-condition and Different-conditions at 3-0 
sec. Exposure Time and 0 sec. R^tenti;3ri Interval for 
the First Grade Group itT Experiment 1. 



■ • ( 

Each observed data point under condition <SSS> is 
the arithmetic mean of 28 Ss x 28 items r 784 
observations; all other' observed data points are 
the arithmetic means of 28 Ss of M items = 112 
ol^ervations . \ 
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Fipure 1^ 



Predicted and observed correct response probabilities 
for Sane-condition and Different-conditions at 3-0 
sec. Exposure Time and 1 sec. Retention Interval for 
the First Grade Group in Experiment 1. 



Each observed data point under condition <SSS'> is 
the arithmetic mean of 28 Ss x 28 items = 78^ 
observations; all other observed data points are 
the arithmetic means of 28 Ss of ^ items = 112 
observations. 
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Figure 15 



Predictea ano oDserved correct response probabilities 
for Sane-condition, and Dif f erent-condi t ions at 3.0 sec 
Exposure Time and 3.0'sec. Retention Interval for the 
First Grade Group in Experiment 1 . ^ . 



Each observed data point under condition <SSS> is 
the arithmetic mean of, 26 Ss x 28 items = 78^ 
observations; all other observed data points are 
the arithmetic means of 28 Ss of ^ items = 112 
observation?. 
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